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CHARTER 
OF 


THE NATIONAL ASSOCIATION OF CEMENT USERS. 


KNOW ALL MEN BY THESE PRESENTS, That we, the under- 
signed, all of whom are citizens of the United States, and a majority of 
whom are residents of the District of Columbia, have associated our- 
selves together for the purpose hereinafter set forth and desiring that 
we may be incorporated as an Association under sub-chapter three (3) of 
the Incorporation Laws of the District of Columbia, as provided in the 
Code of Law of the District of Columbia, enacted by Congress and ap- 
proved by the President of the United States, do hereby certify: 

1, Name. The name of the proposed corporation is “The National 
Association of Cement Users.” 

2. Term of Existence. The existence of the said corporation shall 
be perpetual. 

3. Objects. The particular business and objects of the said corpora- 
tion shall be to disseminate information and experience upon and to 
promote the best methods to be employed in the various uses of cement by 
means of convention, the reading and discussion of papers upon materials 
of a cement nature and their uses, by social and friendly intercourse at 
such conventions, the exhibition and study of materials, machinery and 
methods and to circulate among its members by means of publications the 
information thus obtained. 

4. Incorporators, The number of its managers for the first year 
shall be fifteen. 

In Witness Whereof, we have hereunto set our hands and seals this 
fourteenth day of December, A. D. 1906. 


RICHARD L. HUMPHREY, (SEAL) 
JOHN STEPHEN SEWELL, (SEAL) 
Ss. S. VOORHEES. (Seat) 


Orrice of Recorper oF Deeps, 
District oF CoLUMBIA. 
This is to certify that the foregoing is a true and verified copy of a 
Certificate of Incorporation, and of the whole of such Certificate as re- 
ceived for record in this office at 9:49 A. M., the 19th day of December, 
A. D. 1906. 
In testimony whereof I have hereunto set my: hand and affixed the 
seal of this office, this 20th day of December, A. D. 1906. 
(Signed) R. W. DUTTON, 
Deputy Recorder of Deeds, 
Istrict of Columbia. 
(Sear) 
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BY-LAWS 





OF 
, THE NATIONAL ASSOCIATION OF CEMENT USERS. 
ARTICLE I. 
MEMBERS. 


Section 1. Any company or persons engaged in the con- 
struction or maintenance of work in which cement is used, or 
qualified by business relations or practical experience to co-oper- 
ate in the purposes of this Association, or engaged in the manu- 
facture or sale of machinery or supplies for cement users, or a 
man who has attained eminence in the field of engingering, archi- 
tecture or applied science, is eligible for membership. 

Sec. 2. A company shall be treated as a single member and 
allowed but one vote. 

Sec. 3. Any member contributing annually twenty or more 
dollars in addition to the regular dues shall be designated and 
listed as a Contributing Member. 

Sec. 4. Application for membership shall be made to the 
Secretary on a form prescribed by the Executive Board. The 
Secretary shall submit monthly to each member of the Executive 
Board for letter ballot a list of all applications for membership 
on hand at that time with a statement of the qualifications, and 
a two-thirds majority of the members of the Executive Board 
shall be necessary to an election. 

Sec. 5. Any member, after a fair hearing by first the 
Executive Board and then, with their approval, by this Associa- 
tion, shall be expelled from membership by a three-fourths ballot 
of the members present at any regular meeting of the Associa- 
tion, not less than twenty votes being cast. Such action shall 
not be publicly announced. 
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ArTICLE II. 
OFFICERS. 


SEcTION 1. The officers shall be a President, four general 
Vice-Presidents, a Vice-President for each section into which the 
Asociation may be divided, a Secretary and a Treasurer. 

Sec. 2. There shall be an Executive Committee of the 
Executive Board, consisting of the President, Secretary, Treas- 
urer and two of its members, who shall be elected by the Execu- 
tive Board. 

Sec. 3. These officers, except the Secretary and Treasurer, 
shall be elected by ballot at the Annual Meeting and shall hold 
office for one year. The Secretary and Treasurer shall be elected 
annually by the Executive Board. Vacancies occurring during 
the year shall be filled by the Executive Board. . 

Sec. 4. The Executive Board shall consist of these officers 
and the five latest living Past-Presidents. 

Sec. 5. The Secretary shall be custodian of the Association 
property and shall forward all moneys received to the Treas- 
urer, obtaining his receipt for the same. He shall give such 
bond as the Executive Board may require. 

Sec. 6. The Treasurer shall handle the funds of the Asso- 
ciation subject to the approval of the Executive Board and shall 
give bond for the faithful performance of his duties in such sum 
as the Executive Board may designate. The Treasurer shall dis- 
burse funds only on warrant drawn by the Secretary and counter- 
signed by the President. 

Sec. 7. It shall be the duty of the Executive Board to 
audit the accounts of the Secretary and Treasurer before each 
annual meeting. 

Sec. 8. The Secretary and Treasurer shall receive a salary 
to be fixed by the Executive Board. 

Sec. 9. The Executive Committee shall manage the affairs 
of the Association during the interim between meetings of the 
Executive Board. 

Sec. 10. The Association shall be divided into such sections 
as the Executive Board may determine by the enrollment of 
members of the Association in such sections as they may choose. 











12 By-Laws. 


The Chairman of these sections shall be reported by the Com- 
mittee on Nomination of Officers to the Association for election 
as Vice-Presidents of the Association, at the general election. 
Standing committees of four additional members each shall be 
appointed by the President of the Association in consultation 
with the respective chairmen to aid them in their work. 

Sec. 11. At the first regular session of the Annual Conven- 
tion, the President shall announce a committee on nomination of 
officers, and a committee on resolutions. These committees shall! 
be appointed by the Executive Board. 

Sec. 12. The election of officers shall take place at the 
business session on the second day of the convention, and they 
shall assume office at the close of the convention and hold same 
until their successors are elected and qualified. 


Articce III. 
MEETINGS. 


Section 1. The Association shall meet annually, the time 
and place being determined by the Executive Board, and notice 
shall be mailed to all members at least twenty days previous to 
the date of meeting. 

Sec. 2. The Executive Board shall meet at least twice each 
year, the time and placed to be fixed by the Executive Committee. 


ARTICLE IV. 
DUES. 


Section 1. The fiscal year shall commence on the first of 
January and all dues shall be payable in advance. 

Sec. 2. The annual dues of each member shall be five 
dollars ($5.00). 

Sec. 3. Any member whose dues shall remain unpaid for 
one year shall forfeit the privilege of membership. If he neglects 
to pay his dues within thirty days thereafter and after notifica- 
tion from the Secretary, his name may be stricken from the roll 
of membership by the Executive Board. 
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ARTICLE V. 
STANDARD SPECIFICATIONS. 


SECTION I. Proposed Standard Specifications to be sub- 
mitted to the Association must be mailed to the members at least 
thirty days prior to the Annual Convention, and as there amended 
and approved, passed to letter ballot, which shall be canvassed 
within sixty days thereafter, such specifications shall be consid- 
ered adopted unless at least ten per cent. of the total membership 
shall vote in the negative. 


ArTICLE VI. 
AMENDMENTS. 


SECTION I. Proposed amendments to these By-Laws signed 
by at least three members, must be presented in writing to the 
Executive Board before November Ist of each year. In the 
notices for this meeting the proposed amendment shall be printed. 
At the annual meeting the proposed amendment may be dis- 
cussed and amended and may be passed to letter ballot by a 
two-thirds vote of those present. If two-thirds of the votes 
obtained by letter ballot are in favor of the proposed amendment, 
it shall be adopted. 

Sec. 2. The Executive Board is authorized to number the 
articles and sections of the By-Laws to correspond with any 
changes that may be made. 








SUMMARY OF PROCEEDINGS OF THE FIFTH 
CONVENTION. 





First Session.—TvuEsDAy, JANUARY 12, I90Q, 10.00 A. M. 


The convention was called to order by the President, Mr. 
Richard L. Humphrey. 


An address of welcome on behalf of the City of Cleveland 
was delivered by Dr. Harris Reed Cooley, Director of Charities 
and Correction, on behalf of Mayor Tom L. Johnson, as follows: 


Gentlemen: I regret very much that Mayer Johnson is not able to 
be present in person this morning to welcome you to our city, but on 
his behalf and on behalf of the municipality I bid you a hearty welcome 
to Cleveland. I trust this is no formal matter. Cities have their spirit, 
their life, their social feeling, and I believe that hospitality is one of 
the characteristics of Cleveland. We welcome you for what you are 
doing for the world and for civilization. 

As I visited the Exposition yesterday, and as I have studied some- 
what of cement and concrete work, I have marveled at its rapid advance- 
ment, and yet I have a feeling that we are only at the beginning of a 
new era in construction; that we are but pioneers; it is extending in 
sO many directions. Why, our cows are kept in concrete barns and eat 
out of concrete troughs and the milk is cooled in concrete cellars and 
our houses are concrete, we will walk upon concrete floors, sit by concrete 
fireplaces, perhaps eat off of cement tables. All through life we touch 
it, and then when we are dead we are buried in a concrete burial 
case, and the future generations know how good we were because 
it is carved upon a concrete tombstone. And there may be some agents 
enterprising enough to try to persuade St. Peter to put a concrete founda- 
tion under the golden pavement of the golden streets of the New 
Jerusalem. And some of these agents, when they go hence, may carry 
their samples with them and introduce reinforced concrete construction 
because of its wonderful properties in withstanding fire. 

So you see, gentlemen, there seems to be no limit as to the possi- 
bility of the extension of this industry. We have purchased a great 
tract of two thousand acres for our institutions of charity and correction 
ten miles ont from the city. The problem has been to build. It has been 
of the hollow-brick and reinforced concrete construction, using a great 
deal of cement. The result of the building is this: we have a central 


(14) 








SUMMARY OF PROCEEDINGS, FIFTH CONVENTION. 15 


building covering an acre of ground. Within this is a large court sur- 
rounded by a beautiful cloister with cement floor. In the center of 
the court is a magnificent fountain, and we could not have had that 
fountain were it not for concrete. This is our poorhouse, or, as we 
call it, the Farm Colony. A delegation of experts from Washington 
came to look upon it and they said to me, “It is marvelous how cheaply 
this building has been constructed. We know of no building of equal 
floor space that has been constructed for so small an amount.” And yet 
some of my friends fear that we have too elegant a building out there, 
and they just recently expressed the belief that the building is too fine. 
It is by the power of building with concrete that we are able to make 
even our poorhouse a thing of beauty and permanence, fireproof, we trust 
also vermin-proof; floors of concrete and baseboards of concrete. We 
are building our workhouse at the present time, a mile and a half from 
this, with the same kind of construction. We are to have miles of 
sidewalk and I was intensely interested in your sidewalk discussion. I 
suppose we will have, when it is constructed, seven or eight miles of 
fence, and I have thought out the possibility of making the fence posts of 
concrete, and I find it is a very practical thing. And when we get out 
at the workhouse some expert in concrete making, cement working, we 
will put him not to drawing brushes—he may not be accustomed to that 
work—but we will set him to work making ornamental fence posts, that 
we may beautify our farm and make our surroundings more comfortable. 
I have in mind the construction of a concrete prison, with concrete cells, 
with walls that will be strong, that will be sanitary, that will be as 
joyful as possible, where we can hold our men and yet keep them in 
sanitary condition. 

And so this question is really to me a very practical question, and 
it is a part of a very much larger one—the fact that the coming of cement 
and its products is bringing a new era to the building trade—possibilities 
of home construction. I suppose we will never have anything more 
graceful and beautiful than the Parthenon upon the Acropolis or than the 
temples where men worshipped in the palmiest days of the, past. These 
buildings were for the gods and for the kings. We will say, “Cheapen 
these materials and we will soon develop the school of building that all 
these beautiful things and all these elegancies of the life shall come to the 
common people as well as to the king.” I see the day coming when there 
will be greater abundance in this land of ours; not upon the one hand 
a million men seeking for a chance to work in this land of three million 
square miles of territory almost untouched, and on the other hand 
men receiving a hundred thousand dollars, yes, even five hundred thousand 
dollars a week as an income, which no man can possibly earn. When we 
shall stop giving privileges and great unearned incomes, and we shall de- 
mand that every man, for his own good as well as for society’s good, shall 
give some useful service to the world, then there will be abundance; 
and then, with our inventions, then, with the use of these materials which 
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lie so common all about us, with human skill and human art, we will 
build every man a home where he can abide; and it will be said then, 
as it was formerly said only of the temples of the gods and the palaces 
of the kings, “Strength and beauty are in His sanctuary.” It will apply 
to all. 

We welcome you because you are bearing a part of this tremendous 
progress of civilization. We welcome you, not simply because of what 
you are doing, but because of what you are; for the architect is always 
greater than his building. The man who has constructed the great 
blocks of a city or built a palace is more than the things which his hands 
have made. We welcome you for the strength of manhood; we welcome 
you for the inventive genius; we welcome you for the knowledge and 
skill which your brain and hands have acquired, for the part which 
you will take in the great onward march of our civilization to the better 
days which are to come. We hope you will be well compensated for 
all that you shall do and that fortune may smile upon your labor; 
but more than your compensation in money, there ought to come to you 
the satisfaction that you are helping to a better time, when the people 
of this land and all lands shall live in better homes and better institu- 
tions; that those who are dependent and poor and unfortunate shall 
have better places in which to spend their declining years, and all 
life shall be better and happier because you are serving, because you 
are helping in this development of civilization and of progress. 

We are glad you have come to Cleveland. Emerson has said in his 
essay on friendship that “Happy is. the house that shelters a friend,” 
and that when you have gone away from the city I am sure our 
municipality will be richer in thought and practical ability because 
of your presence in our midst. We trust that your deliberations may 
be filled with much of fellowship and profit to yourself and that you may 
bear with you when you go away kind and pleasant remembrances of 
our fair city by the lake. Again, on behalf of the Mayor and on behalf 
of the municipality of Cleveland, I extend to you the key and bid you a 
hearty welcome to our midst, 


President Humphrey then responded : 


I think this Association has been particularly fortunate in having 
so cordial a welcome extended by one thoroughly attuned to our work. 
It is certainly a good thing to have pointed out the higher purposes and 
duties of this Association. We should, I think, carry from each con- 
vention some aim higher than that we had when we arrived. So in 
accepting the welcome to the city of Cleveland which you, Dr. Cooley, 
have so warmly extended, I feel that we in turn should express our 
thanks and appreciation for your inspiring words which will serve as a 
standard for our next year’s growth. On behalf of the Association I 
desire to express our appreciation of the welcome you have extended. 
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This Association stands primarily for progress, for progress in the 
development of the scientific art, if you will, in the proper use of ce- 
ment. We have a very potent educational feature in the exploitation 
of its manifold uses, the power and functions of which have already 
been touched upon. We are fortunate in having with us and are hon- 
ored by the presence of the president of one of the important educa- 
tional institutions of this city, who has kindly consented to say a few 
words to us on behalf of the scientific institutions of the city of 
Cleveland. I take great pleasure in introducing to you Dr. Charles S. 
Howe, President of the Case School of Applied Science. 


Address by Dr. Charles S. Howe: 


Mr. President, on behalf of the scientific and technical institutions of 
Cleveland, it gives me great pleasure to extend to you a hearty welcome 
to our midst. We are interested in this question from a scientific and 
technical standpoint, because the product which you represent has been de- 
veloped and improved by scientific men and is used by the engineer to a 
very great extent. There is a wider interest, however, than this, which 
we as citizens of Cleveland feel, because this subject is important his- 
torically; it is important in the life of to-day; it is one of the problems 
which we must study for the future. It is interesting historically because 
cement has been known for so many thousands of years. Every reader 
of the classic authors is impressed by the great monuments of which 
they treat, the great buildings which were constructed and which, in 
some cases at least, have lasted for so many years. A few of the writers 
of antiquity have shown us something about the building materials which 
were used in those ancient structures, and we find that cement of some 
kind entered into many of them. We could hardly expect, of course, 
that those ancient inventors, those ancient engineers and architects, would 
know the scientific aspects of the question as we know them to-day, but 
we are astonished to find that their work, without the aid of chemistry, 
and without the aid of the other sciences which we have to-day, has 
lasted as long as it has. That they did not have the benefits of scientific 
study and of scientific observation is shown by the fact that while some 
of their work remains and is still as hard and solid as ever, some of it 
has crumbled in the lapse of time. 

If we trace the history of this subject down through the Middle 
Ages we find there, too, that in the great buildings, in the bridges, in 
the cathedrals and in many castles, cement was used and has lasted 
until the present time in a splendid state of preservation. But it was 
not until recent years, until, especially after a great deal of work 
had been done in the modern way by the science of chemistry, that the 
material which you are here to consider, and which you are using 
day by day, became one of the great building materials of the world. 
In the latter part of the eighteenth and during the early part of the nine- 
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teenth centuries cement, of course, was developed in a practical way in 
England and in a scientific way, especially in France. Our own country 
seems to have been very backward in doing any work along those 
lines until within recent years, for I believe Portland cement was not 
known in this country until after the close of the Civil War, and it 
was not manufactured here until some years later. As its value became 
more and better known large amounts were imported from abroad, because 
we could not supply it in sufficient quantities here. But the energy 
and enterprise of the American manufacturer and the American engineer 
have been applied to this subject, and the growth since that time in 
manufacture and, of course, in use has been enormous. If I remember 
the figures rightly—you gentlemen know them much better than I do— 
over $56,000,000 worth of cement was manufactured in the United States 
in the year 1907. 

Now it becomes an important question when a product is turned 
out in amounts like this; it becomes an important question for all classes 
of people. It is important to the manufacturer, it is important to the 
citizen, it is important from an economic standpoint. It would be worth 
the while of any man to take a great deal of time to develop the im- 
portance of this subject along any of these lines. It is, of course, 
impossible for me to do so this morning. I shall refer to only one 
or two things, and in doing so I feel that you know far more about 
this subject than I do. 

Building material, of course, is of different kinds. The material 
which persons can get at in the easiest way is the material which is 
first used for structures. It is evident, then, that crude rocks, that 
stones which could be picked up without any quarrying, were the first 
kind of building materials. As civilization advanced, as more became 
known about the use of tools, it was evident that the two materials, 
natural building materials, wood and stone, would be more and more 
used, because they could be cut into the requisite forms, and because they 
were found so widely scattered throughout the world. 

Other forms of building material also came to be known as soon 
as people had learned to use the elements of science; bricks, tile, etc.; 
and perhaps last of all, cement. For it is only when the scientific aspects 
of this subject were studied that cement could become a great building 
material. While it was simply a material which somebody had found out 
could possibly be put together and a certain result obtained, it would have 
some use; but when the chemical processes came to be known and it could 
be reasoned out in advance that a certain course of manufacture would pro- 
duce a certain result, then, of course, it could be made a most valuable ma- 
terial. We may guess at something for many years and obtain fair results: 
but we never obtain the best results in any kind of work by simply guess- 
ing. It is after the material itself, after the processes have been subjected 
to scientific treatment, and when we can determine in advance what we are 
going to get, that the greatest results will come. And it has been so 
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in the case of cement. That this is now and is going to be a great 
building material is absolutely certain. The properties which it possesses 
are enough to make it so. The fact that it can take the place of wood 
and is fireproof is one of the great reasons why it is to be the 
building material of the future. If our schoolhouses had been built 
of cement there would not have been some of the great disasters which 
have occurred to our schoolchildren. So far as I know, no great steps 
—I don’t mean to say that not any steps, but no great steps—have been 
taken toward making schoolhouses of cement; and I for a number of 
years have been looking forward to the time when educational build- 
ings would be constructed almost entirely of this material. And I be- 
lieve that time will come, and especially with regard to school buildings 
where small children attend. The immense losses which come from 
fire every year are brought home to you as citizens as well as manu- 
facturers. 

The enormous amount of money that is put into building material 
is evident to any one who has given any attention to this subject. 
Over a billion dollars are put into building material every year—I under- 
stand that is somewhere near the present figure—and the losses by fire, 
direct and indirect, are five hundred millions. It is evident that here 
is a great economic loss—not a loss to one class of people or to another, 
but a loss to the whole country; because we cannot destroy any material 
without affecting more than the man who directly owns that which is 
destroyed. Destruction is loss of wealth. Wealth comes largely through 
labor, and if this is destroyed the whole country, of course, suffers to 
that extent. 

But there is another reason why the material which you manu- 
facture and which you use is important to the country at large, and that 
is because it is beginning to take the place of material which is reaching 
its end, a material the supply of which is being exhausted. The great 
Conservation Congress which was held in the White House last May, 
and the Conservation meetings which have been held since that time, 
have brought home to the people of the United States the fact that one of 
our great building materials, lumber, is rapidly being exhausted. It is 
true that no scientific census of the amount of standing timber in the 
United States has been made. It has not yet been possible to make such 
a census, but it is in process of being made. All we can do now is to 
estimate how much standing timber there is, and we can estimate very 
closely how much is being used. And it seems evident, from the statistics 
at hand, that the lumber supply of the United States will be exhausted in 
somewhere between twenty and thirty-five years. If one of our great 
building materials is going to be removed entirely from the field by that 
time, it is evident that something will take its place; and those who have 
given the most study to the subject are convinced that cement and con- 
crete are the substances which are going to take, in a large degree, the 
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place of lumber. So that from this standpoint the use of cement and 
concrete is one of the greatest questions of the future. 

Of course, I understand that you gentlemen are here in a business 
convention, that this subject to you is one of business. I think, for 
the reasons which I have stated, it is more than a question of business. 
I take it that you have here a great educational convention; that you 
are showing to the people of Cleveland and vicinity what can be 
done with this material; and I feel certain that the results will be 
advantageous to our community. 

I said that this subject was interesting to the engineer. It is also 
interesting to the student of engineering; and as representing a technical 
college I feel personally a great interest in what you are doing. I 
want my students to attend your convention; I want them to learn 
all that they can of what you have done and what you propose to do, 
because it is a part of their education. A few years ago the courses 
in cement construction in technical schools were very short. A little 
work was done, but not very much. To-day the course in cement and 
concrete is one of the most important courses that we give to an engineer. 
And for all of these reasons, gentlemen, it gives me great pleasure to 
welcome you to the city of Cleveland. I hope your convention will 
be a satisfactory one to you, and I know it will be of great interest 
to this community. 


President Humphrey responded as follows: 


The encouraging words of Dr. Howe certainly lead us to hope that 
this convention, with its educational features, may be helpful to the 
city of Cleveland. We should feel grateful to Dr. Howe for directing our 
attention to the necessity for high standards which we should maintain. 
We are to a certain extent a business organization, but since the use of 
the material is in its infancy we are unquestionably a strong educational 
institution. 

We wish to extend to Dr. Howe, his faculty and students a most 
cordial invitation to come and make themselves at home either at our 
convention or our exhibition. They can feel that they are honorary 
members of this Association. While we are in the city we shall be glad 
to have them at our deliberations and our exhibition. I certainly voice 
the unanimous thanks of the Association to Dr. Howe for his words of 
welcome on behalf of the scientific interests of the city. 

This convention is composed of men who are builders, creators of 
structures. Cleveland has the record of having one of the largest Build- 
ers’ Exchanges in the country, and we are fortunate to have with us the 
president of this Exchange to welcome us on behalf of the building inter- 
ests of the city; I have the pleasure of presenting to you Mr. George B. 
MeMillan, President of the Cleveland Builders’ Exchange. 


ee 
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Address by Mr. George B. McMillan: 


It gives me great pleasure, indeed, to be with you this morning. It 
happens to be the first convention of this kind that I have ever had the 
privilege of attending. I enjoyed your discussion on the different methods 
of building sidewalks and of doing cement work in general. I feel 
sure that this meeting together of a body of skilled mechanics and 
builders, engineers and architects, cannot help but be of great benefit. 

I extend to you on behalf of the Cleveland Builders’ Exchange, 
which comprises a large percentage of the building industry of Cleve- 
land, a hearty welcome. I might say on its behalf that it is a pleasure 
to have this body meet in Cleveland at this time and give us an oppor- 
tunity to see your exhibition for the instruction of the builder and others 
interested in the use of cement. 

I have had some experience with cement myself, and have aided in 
a small way in the construction of the great building for the poor of 
Cleveland made possible by the low cost of cement construction. 

We all know that cement construction is in its infancy. It is only 
a short time, a few weeks ago, that we revised our building code per- 
mitting cement structures higher than six stories. I am glad to be 
able to report to this convention that while it was only about eight 
weeks ago that the revision was made, we have to-day a structure of 
eight stories of reinforced concrete; this was started October 8, 1908, 
and the eight stories were up and the outside walls practically com- 
pleted on January 8. That is a pretty good record for cement. The 
building was partly erected before the building code was changed, so there 
is some discrepancy between the eight and the twelve weeks. The 
building was under construction—one or two stories up—at the time the 
code was changed, making it possible to build the eight stories. 

So in that case you see what can be done with cement. A few 
years ago it would not have been thought possible to build such a 
structure of other than structural steel. Now we have an example of it 
right here, and if we can build an eight-story building and make it 
safe in every particular, there is no reason in the world that I can see 
why we cannot build one twenty stories. It is simply an engineering 
problem. 

Dr. Howe has extended to you on behalf of the scientific institutions 
of Cleveland a hearty welcome, and Dr. Cooley, on behalf of the city, 
has extended the welcome of the municipality, and he has also given 
you the keys to the city. I want you to be a little careful, for the doctor 
said, you know, that they had no skilled cement workers at their insti- 
tution, and I think possibly that is one reason why he wanted to extend 
the keys of the city to you. I know that he had the institution in mind 
of which he is director, and I only want to warn you gentlemen. Again, 
on behalf of the building industry of Cleveland, I extend to you all a 
hearty welcome. 
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President Humphrey responded : 


I am quite sure, Mr. McMillan, that the Association feels grateful 
to you for your welcome on behalf of the building interests of this 
city, and expresses the hope to you that this convention will be helpful 
to that interest in furthering the use of this important material. We 
hope that the members of your Exchange will be with us during the 
time that we are here, that we may get better acquainted. On behalf 
of the Association I thank you for your welcome. 


The President announced the appointment of the following 
committees : 


Committee on Nomination of Officers: 


Edward D. Boyer, Chairman, Catasauqua, Pa. 
John E. Conzelman, St. Louis, Mo. 
O. U. Miracle, Minneapolis, Minn. 
B. H. Rader, Pittsburgh, Pa. 
George Taylor, Boston, Mass. 
Committee on Resolutions: 


W. C. Boynton, Chairman, Detroit, Mich. 
Emile G. Perrot, Philadelphia, Pa. 
J. P. H. Perry, New York, N. Y. 
F. D. Leslie, Cleveland. Ohio. 
J. B. Foote. Chicago, III. 
Mr. C. W. Boynton then opened a discussion on the Stand- 
ard Specifications for Portland Cement Sidewalks. 
The meeting then adjourned until 8 Pp. M. 


SECOND SESSION.—TUESDAY, JANUARY 12, 1909, 8 P. M. 


President Richard L. Humphrey in the chair. 
The President announced on behalf of the Executive Board 
the following sections for the current year: 
Art and Architecture. 
Building Laws and Insurance. 
Concrete and Reinforced Concrete. 
Exterior Treatment of Concrete Surfaces. 
Machinery and Appliances. 
Roadways, Sidewalks and Floors. 
Specifications for Cement Products. 
Specifications for Fireproofing. 
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Vice-President Merrill Watson then took the chair. 
The President delivered his annual address. 
The following papers were read and discussed: 

“Cost of Reinforced Concrete Construction as Applied 
to Buildings,” Leonard C. Wason. 

“The Availability of Concrete for Bridges—Its Cost and 
Durability,” H. H. Quimby. In the absence of the 
author this paper was read by the President. 

The meeting then adjourned until Wednesday at 10.00 A. Mm. 


WEDNESDAY, JANUARY 13, 1909, 9.00 A. M. 


Meeting of Section on Testing Cement and Cement Prod- 
ucts, and Section on Insurance, Laws and Ordinances. 

President Richard L. Humphrey in the chair. 

The session was devoted to topical discussion on the manu- 
facture of concrete blocks and the fire resistive properties of 
concrete buildings as effecting insurance rates. The question of 
proper building laws and ordinances was thoroughly discussed. 


THIRD SESSION.—WEDNESDAY, JANUARY 13, 1909, 10.00 A. M. 


President Richard L. Humphrey in the chair. 

Reports were presented and discussed, as follows: 

Report of Committee on Testing Cement and Cement Prod- 
ucts, E. S. Larned, Chairman, was presented by W. A. Aiken, a 
member of the Committee. The following revision of paragraph 
17 of the Standard Specifications for Cement Hollow Building 
Blocks was suggested by the Committee: 


17. Hollow Space.—The hollow space in building blocks used in bear- 
ing walls shall not exceed the percentage given in the following table 
for different height walls, except where blocks containing a greater percen- 
tage shall be proven by actual test to meet all the requirements herein 
specified to the satisfaction of the bureau of building inspection, and in no 
case shall the walls or webs of the block be less in thickness than one- 
fourth their height. 


The amendment offered by Mr. J. A. Smith “that the web 
of blocks 8 inches high and not over 16 inches long be not less 
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than 13% inches, provided that the required strength under this 
specification be secured,” was referred to the Committee with 
instructions to report later. 


Report of Committee on Cement Products and Machinery, 
A. T. Bradley, Chairman, was approved as read. 


The President announced the following Committee on 
Awards for the most effective, attractive and artistic exhibit: 


Dr. Charles S. Howe, President, Case School of Applied 
Science. 


F. N. Hopkinson, Chairman, Cleveland Chapter, American 
Institution of Architects. 

Charles B. McMillan, President, Cleveland Builders’ Ex- 
change. 


Report of the Executive Board and the minutes of the meet- 
ings of the Board were approved as read. The following amend- 
ments to the By-Laws proposed by the Executive Board were 
approved and ordered to letter ballot: 


Amend Article I by inserting after Section 2 a new Section 
3, and renumbering the remaining sections. 
Section 3. Any person contributing annually twenty or more dollars 


in addition to the regular dues shall be designated and listed as a Con- 
tributing Member. 


Amend Article I (old Section 3), by striking out all after 
the first sentence and inserting the following: 

The Secretary shall submit monthly to each member of the Executive 
Board for letter ballot a list of all applications for membership on hand 
at that time with a statement of the qualifications, and a two-thirds 


majority of the members of the Executive Board shall be necessary to an 
election. 


The following proposed amendment to the By-Laws was 
referred back to the Executive Board for revision and presenta- 
tion at a later session: 


Insert after Article IV a new Article V, as follows: 


Section I.—Proposed Standard Specificatior.s shall be submitted at the 
Annual Convention by a Sectional Committee, and as amended and 
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approved, passed to letter ballot which shall be canvassed within sixty 
days thereafter. Such specifications shall be considered adopted unless 
a majority of the total membership shall vote in the negative. 


Renumber Article V. 


The Committee on Publicity, P. Austin Tomes, Chairman, 
made a report as to its work, which was approved. 

The question of the place for the next Convention was con- 
sidered. An invitation was extended on behalf of Atlantic City 
by Mr. George S. Lenhart, and communications were read from 
Toledo, Ohio; Columbus, Ohio, and Atlanta, Ga. The final selec- 
tion of the place for the next Convention, under the By-Laws, 
will be made by the Executive Board. 

The Committee on Nomination of Officers, Edward D. 
Boyer, Chairman, made the following report: 


President, Richard L. Humphrey, Philadelphia, Pa. 
Vice-President, Merrill Watson, New York, N. Y. 
Second Vice-President, M. S. Daniels, Suffern, N. Y. 
Third Vice-President, E. S. Larned, Boston, Mass. 
Fourth Vice-President, George C. Walters, Atlanta, Ga. 
Sectional Vice-Presidents : 
Art and Architecture—Leonard C. Wason, Boston, Mass. 
Machinery and Appliances—L. V. Thayer, Minneapolis, Minn, 
Exterior Treatment of Concrete Surfaces—Sanford E, Thompson, 
Newton Highlands, Mass. 
Roadways, Sidewalks and Floors—C. W. Boynton, Chicago, Ill. 
Specifications for Cement Products—W. P, Anderson, Cincinnati, 
Ohio. 
Specifications for Fireproofing—Rudolph P. Miller, New York, 
N. Y. 
Concrete and Reinforced Concrete—A. E. Lindau, St. Louis, Mo. 


The officers thus nominated were unanimously elected, the 
Secretary casting the ballot. 


The meeting then adjourned until 2 Pp. M. 


FourtH SESSION.—WEDNESDAY, JANUARY 13, 1909, 2.00 P. M. 


President Richard L. Humphrey in the chair. 
Mr. J. H. Chubb read a paper on “Cost and Value of Con- 
crete Roads,” which was followed by a discussion. 
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The report of the Committee on Streets, Sidewalks and 
Floors was then read by the Chairman, Mr. W. W. Schouler, 
presenting, 

(a) Revision of Standard Specifications for Portland 
Cement Sidewalks. 

This was discussed, revised and approved for letter ballot. 

(b) Proposed Specifications for Concrete Roads. 

These specifications were referred back to the Committee, 
with instructions to report at the next Convention. 

The meeting then adjourned until 8 p. m. 


FirtH SESSION, WEDNESDAY, JANUARY 13, 1909, 8.00 P. M. 


President Richard L. Humphrey in the chair. 

The report of the Committee on Art and Architecture was 
presented by Mr. Albert Moyer, Secretary, in the absence of the 
Chairman, Mr. Charles D. Watson. This report was approved. 

The Committee on Awards for the most effective, artistic 
and attractive exhibit reported as follows: 


First Prize. 
Ideal Concrete Machinery Company, South Bend, Ind. 


SECOND PRIZE. 
The George H. Rackle and Sons Company, Cleveland, Ohio. 


Tuirp Prize. 
American Hydraulic Stone Company, Denver, Colo. 


FourtH Prize. 
Hayden Automatic Block Machine Company, Columbus, Ohio. 


HoNnorRABLE MENTION. 
Atlas Portland Cement Company, New York, N. Y. 
American Cement Company, Philadelphia, Pa. 
Sandusky Portland Cement Company, Sandusky, Ohio. 
Ransome Concrete Machinery Company, Dunellen, N. J. 
Miracle Pressed Stone Company, Minneapolis, Minn. 


The following papers were then read and discussed: 
“Decorative Concrete Stone,” Frederick A. Norris. 
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“Unburnable Homes and their Architectural Possibili- 
ties,” Benjamin A. Howes, Jr. 

“Small Concrete Houses—Manufacture and Cost,” 
R. C. Knapp. 

“Monolithic Concrete Wall Buildings—Methods, Con- 
struction and Cost,” Robert H. Aiken. In the ab- 
sence of the author, this paper was presented by Mr. 
W. S. Abbott. 

The meeting then adjourned until Thursday at 10 A. M. 





THURSDAY, JANUARY 14, 1909, 9.00 A. M. 


Meeting of the Section on Reinforced Concrete. 

President Richard L. Humphrey in the chair. 

This meeting was devoted to a topical discussion on the 
various applications of concrete construction. 


S1xTH SESSION, THURSDAY, JANUARY 14, 1909, 10.00 A. M. 


President Richard L. Humphrey in the chair. 

President Humphrey presented on behalf of the Executive 
Board the revised By-Laws covering the adoption of Standard 
Specifications as instructed by the Convention, as follows: 


Insert after Article IV a new Article V as follows: 


Section I.—Proposed Standard Specifications to be submitted to the 
Association must be mailed to the members at least thirty days prior to 
the Annual Convention, and as amended and approved, passed to letter 
ballot which shall be canvassed within sixty days thereafter, such specifi- 
cations shall be considered adopted unless at least ten per cent. of the 
total membership shall vote in the negative. 


This amendment was discussed and approved for letter bal- 
lot. 
The following papers were then read and discussed: 
“Advantage of Reinforced Concrete for Railroad Con- 
struction,” B. H. Davis. 
“The Applicability and Comparative Cost of Concrete 
and Reinforced Concrete for Subway Construction,” 
Charles M. Mills. 
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“Value and Cost of Reinforced Concrete for Retaining 
Walls,” A. E. Lindau. 
The meeting then adjourned until 8 Pp. Mm. 


SEVENTH SESSION—THURSDAY, JANUARY 14, 1909, 8.00 P. M. 


President Richard L. Humphrey in the chair. 

The Committee on Streets, Sidewalks and Floors reported 
on the revised form of Standard Specifications for Portland 
Cement Sidewalks, as instructed, which was after discussion 
approved for letter ballot. 

The Committee on Testing Cement and Cement Products 
reported as instructed, and its report was approved. 

Paper by Mr. Emile G. Perrot on “Comparative Cost of 
Reinforced Concrete Buildings” was then presented and dis- 
cussed. 

A paper on “Evolution of Concrete Reinforcement” was 
read by Mr. H. F. Porter. 

The meeting then adjourned until Friday at 10 a.m. 


FRIDAY, JANUARY I5, 1909, 9.00 A. M. 
Meeting of Section on Cement Products and Machinery, Mr. 
A. T. Bradley in the chair. 
The session was devoted to a general discussion on the 
manufacture and applicability of concrete blocks. 


EIGHTH SESSION.—FRIDAY, JANUARY 15, 1909, 10.00 A. M. 


President Richard L. Humphrey in the chair. 

Mr. William M. Bailey read a paper on “Methods of Attach- 
ing Shafting and Machinery in Reinforced Concrete Buildings.” 

Mr. Sanford E. Thompson, Chairman, presented the report 
of the Committee on Reinforced Concrete, which was approved 
as printed, and it was ordered that the report be printed and sent 
out to the members for discussion, to be incorporated in the 
Proceedings, 
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The report of the Committee on Insurance, Laws and Ordi- 
nances was presented in two parts. In the absence of Mr. Wil- 
liam H. Ham, Chairman, Mr. Edward D. Boyer read Part I, the 
report on Insurance, which was approved as presented and or- 
dered printed for distribution. Part II, the report on Laws and 
Ordinances, was presented by Mr. Emile G. Perrot. After a 
lengthy discussion extending until 6 Pp. M., with a recess from 2 
to 3 Pp. M., the report was considerably revised and at the evening 
session was approved for letter ballot. 

The meeting adjourned until 7.30 P. M. 


NINTH SESSION.—FRIDAY, JANUARY I5, 1909, 7.30 P. M. 


President Richard L. Humphrey in the chair. 

The proposed Standard Building Regulations for Reinforced 
Concrete, reported by the Committee on Insurance, Laws and 
Ordinances, as finally revised was approved for letter ballot. 

The following papers were read and discussed: 

“Fireproofing with Concrete—Its Suitability and Com- 
parative Cost,” Ross F. Tucker. In the absence 
of the author, this paper was read by Mr. J. A. 
Smith. 

“Progress in the Use of Metal Forms, with Compara- 
tive Cost,’ W. L. Caldwell. 

“Cold Storage Warehouses of Reinforced Concrete 
Construction,” J. P. H. Perry. 

“Concrete Piles—Forms, Advantages and Cost as Com- 
pared with Wooden Piles,” C. W. Gaylord. 

“Value and Cost of Steam Curing of Concrete Blocks,” 
F. S. Phipps. 

“The Present and Future of the Cement Block—Its 
Cost, Manufacture and Availability,” J. Augustine 
Smith. 

“Waterproofing—Various Applications and Compara- 
tive Cost,” T. Hugh Boorman. 


Mr. Walter C. Boynton, Chairman, then presented the Report 
of the Committee on Resolutions, as follows: 
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Resolved, That the thanks of this Association be and are hereby ten- 
dered to the officials and other citizens of the City of Cleveland for their 
hearty welcome and courteous hospitality to the officers and members 
of the National Association of Cement Users, upon the occasion of the 
Fifth Annual Convention. 

Resolved, That the thanks of this Association be and are hereby 
tendered to the Builders’ Exchange and the chairman and members of the 
local committee of the City of Cleveland for their hearty co-operation in 
assuring the success of this Association’s fifth annual convention and 
exhibition. 

Resolved, That the thanks of this Association be and are hereby 
tendered to the exhibitors, the local press of the City of Cleveland and the 
technical press of the United States for the liberal support given both in 
advance and during the fifth annual convention and exhibition. 

Wuereas, This Association recognizes the great need of continuing 
the work of the Structural Materials Testing Laboratories of the United 
States Geological Survey, and highly appreciates the value of the country 
at large of the results obtained through the investigations at the labora- 
tories, therefore be it 

Resolved, That this Association as a body and through its members 
as individuals shall petition the Congress of the United States to provide 
an adequate appropriation for the purpose of continuing the work of the 
laboratories during the next fiscal year. 

Resolved, That the thanks of this Association be and are hereby ex- 
tended to the officers of the organization, whose faithful work and co- 
operation have made possible our decided progress in the past twelve 
months. This Association especially desires to record its appreciation 
of the work done in its behalf by its President, Richard L. Humphrey, to 
whose individual efforts a large share of our continued success is due. Be 
it further, 

Resolved, That it is the sense of this Association that the President 
shall be fully reimbursed for his actual traveling, incidental and other 
expenses incurred in behalf of this Association, and that a sum of money 
sufficient to cover these expenses be appropriated from the funds of this 
Association, provided that said funds shall be sufficient to permit this to 
be done. 

Resolved, That the thanks of this Association be and are hereby 
extended to the men whose contributions to our program have made the 
fifth annual convention of the highest interest to everyone in attendance. 


The resolutions were unanimously approved as presented. 
The President thereupon declared the Convention adjourned 
sine die. 


NATIONAL ASSOCIATION OF CEMENT USERS. 


PROCEEDINGS 


OF THE 


FIFTH CONVENTION 


This Association is not responsible, as a body, for the statements and 
opinions advanced in its publications. 


THE PROGRESS OF THE ASSOCIATION AND THE 
NECESSITY FOR FIREPROOF CONSTRUCTION. 


ANNUAL ADDRESS BY THE PRESIDENT, 
RicuHarp L. Humpurey, M. Am. Soc. C. E.* 


In the year which has elapsed since I last had the pleasure 
of addressing you on subjects of vital importance to our Asso- 
ciation, we find ourselves stronger and far better organized for 
the work of education on which we are engaged than at any time 
in our history. This has been a year of decided development and 
much progress. 

Our membership has grown steadily and our annual con- 
ventions show each year an increasing appreciation of the value 
of membership in this Association. The members are now begin- 
ning for the first time to more thoroughly realize how helpful 
and invaluable has been the information which they have acquired 
at each annual convention, and openly express their thorough 
appreciation. There can be no doubt that the example which 
they set their competitors, who are not always members of this 
Association, does much to raise the standard of workmanship 
and of first-class construction. 





* Consulting Engineer, Harrison Building, Philadelphia, Pa. 
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The opening of permanent headquarters has more than ful- 
filled expectations and has demonstrated conclusively the neces- 
sity and value of this step. The few months in which this has 
been accomplished has opened up a vista of future possibilities 
which augers much for our campaign of education as to the 
proper uses of cement. 

The past year has been particularly fruitful in many things 
which will redound for the greatest good of the cement industry. 

After many years of work, the Joint Committee on Concrete 
and Reinforced Concrete has agreed upon a preliminary report 
on rules for the use of these materials which will be presented 
at the annual meeting of the American Society of Civil Engineers 
on January 18th, at the annual meeting of the American Railway 
Engineering and Maintenance of Way Association in March, and 
The American Society for Testing Materials in June of this 
year. 

Our own committee on Reinforced Concrete has also con- 
tributed its share and this Convention for the first time will 
receive a report on rules for the use of reinforced concrete, and 
what is perhaps of still greater importance, our Committee on 
Insurance, Laws and Ordinances will present for your considera- 
tion, standard building regulations for the use of this material. 
It is to be hoped that the Association will adopt standard regula- 
tions at this Convention, and these will undoubtedly do much to 
bring about an increasing use of this material. The report of 
the Committee on insurance rates seems almost like an endorse- 
ment of this material for building construction, particularly as 
it relates to structures having a high resistance to fire. These 
rates indicate clearly that buildings of this class are being looked 
upon with increasing favor, so much so, that the owners of many 
buildings have reported that they did not deem it necessary to 
carry insurance, because of the fire resistive qualities of the 
material. 

With the destruction of our forests, this country is turning 
to concrete as a desirable substitute and this is perhaps, indeed 
fortunate. In its mad rush toward a prosperity unparalleled 
in the history of civilization, this nation has permitted abuses 
which are as startling to the outside world, as has been our 
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advancement. Our priceless heritage of natural resources has 
been squandered with a prodigality that threatens exhaustion of 
many of them before the end of another century. The most 
serious is the depletion of our magnificent forests which have been 
slashed and cut with such a ruthless hand that unless drastic 
measures are at once taken to save what remains and strive to 
replace what we have already destroyed by the replanting of trees, 
our supply according to the opinion of the Federal Forest Service, 
will be exhausted in thirty-five years. 

The greatest waste of timber is caused by fires, and the 
record of the United States is the most shameful of all the 
world. In 1907 the property destroyed by fire amounted to 
the enormous total of $215,000,000, a per capita loss of $2.51. 
Of this loss, $146,000,000 was in frame buildings and but $68,- 
000,000 in brick and stone. This terrible waste is not equalled 
by any other nation. Our per capita loss is nearly eight times 
that of Europe, which is reported by the National Board of 
Fire Underwriters as but 33 cents for the six largest countries. 
Under similar conditions, the fire loss in this country for 1907 
would have been but $27,000,000, and $187,000,000 would have 
thus been saved. Nor is this all. The United States has the 
finest and most efficient fire fighting apparatus and private fire 
protection in the world. Eliminating the loss of property 
destroyed in fires, the cost of fire protection for 1907 amounted 
to $241,401,442. There was paid to insurance companies in 
excess of what they returned as losses, $145,c00,000. The fire 
departments cost fully $50,000,000 and private protection sys- 
tems $18,000,000. Altogether the total cost of fires in the 
United States during 1907 amounted to $456,486,151, or $5.34 
per capita, nearly one-half of the cost of new building con- 
struction for the same year, estimated at $1,000,000,000. 

Confronted by such startling figures, we naturally look 
for the cause, and it is easy to find. This country is filled with 
buildings so faultily and flimsily constructed, that they are a 
constant menace. In our large cities are thousands of fire traps, 
any of which may at any time cause a conflagration that would 
wipe out millions of dollars worth of property and destroy the 
lives of many people. Our villages and hamlets are for the most 
3 
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part a collection of fire traps. In many instances our theatres 
and assemblage halls are on the upper floors of frame buildings. 
It is a crime against humanity to permit public assemblages 
above the first floor in any building that is not fireproof. It is a 
crime to have a public meeting place in any building that is not 
fireproof. The sooner the authorities are brought to such a real- 
ization of this fact as will lead to the adoption of adequate laws 
and their rigid enforcement, the sooner will these terrible holo- 
causts cease. 

The people of Cleveland have had one fearful lesson in the 
past year by the burning of the Collinwood school house, in 
which the lives of more than 150 little children were lost. While 
this may be charged to bad construction, those responsible for 
the conditions which permit such structures to exist and to be 
occupied for such purposes should be criminally liable. One 
year ago another frightful object lesson was recorded in the 
fire which destroyed the Boyertown, Pa., opera house, and 
resulted in the death of nearly 200 women and children, who 
were unable to escape. 

Instead of profiting by these awful experiences, as would 
naturally be supposed, the country, after the horror of a disaster 
has ceased to attract attention, lapses into an indifference from 
which it can only be moved, by another similar disaster. Scat- 
tered all over the country, are Collinwood school houses and 
Boyertown opera houses, and these disasters will recur until 
these buildings are removed and our methods of construction 
are changed. 

Numerous buildings are erected in congested centers of 
population in many parts of this country in which the term 
“fireproof” is applied under the building laws. Their occu- 
pants enjoy a false sense of security which leads them to relax 
or disregard the simple precautions so necessary for their 
safety. In 1906, according to the census authorities, more than 
6,000 persons died from burns in this country. 

Deplorable as is the needless and criminal loss of life in 
fires, there is another phase of the question that is most serious, 
the enormous drain on our natural resources, resulting from 
the annual destruction of millions of dollars worth of property 
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by fire, which is not possible under European standards. Last 
April a conflagration at Chelsea, Mass., resulted in an insur- 
ance loss of more than $8,000,000. Such conflagrations are 
possible in practically every large city in the country. The fire 
marshal of Ohio, Mr. D. S. Creamer, states in his annual report 
for 1907, that a conflagration costing $300,000,000 is entirely 
possible at any time in the city of Cleveland and in its sister 
city, Cincinnati. 

It is the construction of flimsy tinder boxes, which are not 
tolerated abroad, that are responsible for our excessive annual 
losses from fire. This country is engaged in the mad race of build- 
ing up structures that are almost as rapidly destroyed, and the 
losses which reach such tremendous figures, are preventable. 
These conditions are often attributed to a desire on the part of 
property owners to erect their buildings as cheaply as possible 
in order to obtain the highest return from their investment. 
While this may be true in some cases, I think the real reason is 
that we have not as yet outgrown our primitive conditions 
which necessarily prevail in newly settled countries. This coun- 
try has been growing in population at an enormous rate and as 
this density of population increases, we are forced to adopt laws 
covering building construction at such centers, as will properly 
safeguard the people. These laws result from necessity and the 
people themselves exert a most potent influence in their adop- 
tion. Proper, conservative and safe building laws are the result 
of years of experience and that is why Europe shows up to such 
advantage in comparison with this country. 

While our building knowledge has hardly developed into a 
science, we are learning rapidly the methods and materials neces- 
sary to secure the safety desired. The American people are 
not slow in adopting improvements when once their value is 
established. In the last few years, we have made wonderful 
strides toward better construction, under the helpful guidance 
of the U. S. Government. For many years the Federal officials 
have realized the seriousness of these conditions and the lack 
of knowledge concerning the properties of building materials. 
With the Government spending $40,000,000 annually in the con- 
struction of public works, it was found necessary to inaugurate 
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an elaborate series of experiments, in order that the money 
could be expended wisely—for the Government does not insure 
its buildings, but rather strives to make them of the highest 
fire resistive type. 

The task of finding out the best materials for such struct- 
ures was assigned several years ago to the Technologic Branch 
of the U. S. Geological Survey under the direction of Dr. 
Joseph A. Holmes, expert in charge. These experiments have 
continued up to the present time and although they have been 
conducted primarily in behalf of the government, the results 
have been: given freely to builders, engineers, architects and the 
public generally. 

In the revision of the building laws of the country, the 
progress has been extremely slow for the reason that a cer- 
tain inertia must be overcome in removing the prejudice against 
changing existing laws. The influence of various interests 
opposed to this revision for commercial reasons, has been 
another factor in preventing the adoption of better laws. Ade- 
quate laws are the first essential in bringing about conditions 
to prevent the big annual fire losses. Laws must be enacted 
that will not only regulate new construction, but that will invest 
in the building authorities the right to condemn structures whose 
very existence are a menace to public safety. 

This is especially true in great cities like New York where 
the presence of innumerable fire traps is a constant danger, 
which unless eliminated may some day result in a conflagration 
that will sweep the city. Laws, no matter how perfect they 
may. be, can be of no real value unless they are rigidly enforced. 
Many existing laws if enforced, would prevent the erection of 
dangerous structures. 

The most potent influence in the attainment of buildings in 
which public safety is properly cared for lies with the people. 
If every one could be brought to a full realization of the dan- 
gers due to faulty construction, they would bring ‘about a re- 
form ir. methods that would result in permanent progress. It 
is the duty of the people to demand buildings of the highest 
fire resistive type, in which to live and work, in which their 
children may go to school, in which the sick and helpless may 
be cared for and in which the people may be amused. 
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The enormous losses of life and property by fire which are 
preventable is a subject which cannot be too widely exploited 
or too often repeated, to the end that the public may be brought 
to a thorough realization of just how great this danger is. 
If the public would refuse to make use of a building known to 
be a fire trap, they would apply an effective remedy. 

This Association can perform no service of greater import- 
ance to the public than to keep up an incessant demand for 
safer construction, and cement is one of the materials at least 
that will play a very important role in the attainment of this end. 








COST OF CONCRETE CONSTRUCTION AS APPLIED 
TO BUILDINGS. 


By Leonarp C. Wason*, M. Am. Soc. C. E. 


> ta Aokae walt 
The actual cost of various parts of building construction is 
information guarded with great care from every interested or 
curious eye outside of the firm, and often even from the trusted 
employee. It is information usually known only to the manager 
or owners of the construction company and kept by them under 
lock and key. The author proposes to give some actual job costs 
from his own experience, and it is not pure philanthropy on his 
part to publish this data. If the selfish business motive is stated, 
perhaps more confidence may be placed in the figures given. 
Granolithic pavements have been so long in use and so many 
contractors have laid them that their cost is a matter of common 
knowledge, not only to all cement users but to the interested in- 
vesting public. The result is that any contractor bidding a 
living profit above the actual cost of construction has a fair show 
of winning the job and the lowest bidder will usually make a 
profit. The same is true of building construction with brick and 
wood. Not so, however, is the case with concrete building con- 
struction. The art is now too new to have methods or even designs 
standardized sufficiently to permit of cost data being very gener- 
ally known. A great many builders are taking up this type of 
construction at the present time, some who are competent, many 
who are not. The novices underestimate the cost and diffi- 
culties of doing good work, hence they bid unreasonably low, lose 
money and to some extent demoralize the true value of proper 
workmanship among architects, engineers and their clients. In 
the writer’s opinion there is no class of construction where more 
painstaking skill and often technical knowledge is required than 
in reinforced concrete. When well done the resulting building 
gives satisfaction to the owner beyond that obtained from any 
other material, and when poorly done it is the least desirable, even 
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if not actually dangerous. Concrete is either good or bad; 
there is no half-way state, and the difference in cost of materials 
to the builder between perfect and dangerous structures, is only: 
five per cent. Therefore, there is likely to be injury done to a 
rapidly growing industry by novices either on account of ignor- 
ance, though coupled with honest, well meaning intent, or through 
skinning a job cn which he is sure to lose money. Moreover, the 
older firms in the field have little to fear from the beginner, 
because so much depends on personal ability as well as experience. 
With growing competition improvements are constantly being 
made, and the standard of cost is not yet fixed but is being 
reduced steadily. The desire of reducing the present wild 
bidding and having only intelligent competition as well as saving 
some poor builder a loss he cannot afford, is the real inspiration 
of this paper. The author has undertaken it with the under- 
standing that other competent writers will discuss it so that 
greater good results. 

In order to have an intelligent understanding of the meaning 
of the figures hereinafter given, the method of collecting data 
will first be described. When making up an estimate of the cost 
of a building, in scaling the plans, it is found convenient to take 
off the volume of excavation and backfilling. The cubic feet 
of footings, foundation and wall, the square feet of forms for 
walls of foundations and above grade, the lineal feet of belt 
courses, mouldings, cornices, etc. Also the size of special feat- 
ures of exterior treatment. Similarly the superficial area of 
column and floor forms are measured by themselves. Concrete 
of each different mixture is scaled off in cubic feet and totaled 
separately. Steel of each kind is taken off in pounds. Granolithic 
finished surfaces in square feet and so on in detail every item is 
measured. As the work progresses it is desired to know weekly 
how the actual experience compares with the estimate and at com- 
pletion to compile correctly the costs of each item to compare 
with estimate and to aid in obtaining the true cost of future 
structures of a similar kind. The method of accounting was de- 
veloped to fit the estimate. 

In the year 1898 daily time reports were designed having a 
number of columns for ease in sub-dividing the time of the work- 
men, Figs. 1 and 2. At the head of each column the timekeeper 
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puts index numbers or letters to show the kind of work being done, 
and below the actual time the men worked. On blank spaces at 
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FIG I. DAILY TIME REPORT SHEET 


extreme right of the report the timekeeper inserts in writing the 
amount of each kind of work done and the amounts of the prin- 
cipal materials used. The experience of eight years has required 
no change whatever in the principles first adopted. The only 
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change in the forms has been to increase the number of vertical 
columns so that a larger number of sub-divisions can be used 
without troubling the timekeeper to re-write the names on another 
sheet. At the present time, ten vertical columns are used for 
recording time with the names of the workmen at the extreme 
left, two columns being left at the right for the rate per hour and 
the total amount. At the beginning of a job, written instruc- 
tions are given as to how the work is to be sub-divided into items 
in the reports. A standard method of classification has been 
adopted as follows: 

The principal sub-divisions are given a capital letter. Thus 
everything whatsoever relating to concrete masonry is given the 
index letter M, excavating of all kinds, including work incidental 
thereto, the letter D, all work connected with plant the letter P, 
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FIG. 2.—-BACK OF DAILY TIME REPORT SHEET. 


and so on, there being only seven sub-divisions to indicate every 
building operation. To indicate the kind of work, vowels are 
used. Thus the vowels beginning with “a” all relate to form 
work, as: “a”, centering complete ; when done by separate opera- 
tions “aa” is making, “ae’”’ is setting, “ai” is straightening up or 
bracing, “ao” removing after being used, and “au” cleaning up 
and handling ready to be used again. All labor connected with 
mixing and placing concrete or with handling materials for same 
goes under the head of “e”. All work in connection with plant, 
receiving, erecting, taking down, shipping and repairing is in- 
dicated by the vowel “i”. Thus “i” means receiving and setting 
up plant ready to work, “ia” taking down, removing and ship- 
ping, and “ie” repairing. The consonants are used to indicate 
different parts of a structure in which certain work is done, 
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Under classification ““M’’, “b” stands for footings, “c’”’ columns, 
“d” foundations, “f” floors, “g’’ stairs, etc. Under classification 
“Pp”, “f” stands for boiler, “g” for horizontal engine, “h” for 
vertical hoisting engine, “1” for elevator, “m” for mixer, etc. 
Thus our timekeeper places at the head of a column when he is 
reporting concrete floors, for the placing of forms “Maaf”, for 
concrete “Meaf.” If a mixer is being set up ready to work the 
report would read “Pim” and later if it was repaired it would be 
reported under “Piem,” etc. This is not so complicated to use 
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FIG. 3.—MASTER CARD NO. I. 


as it may appear to read, and experience has proved that every 
man who knows enough to keep time can use the system with a 
few days experience. The principle is to make the least amount 
of clerical work for the timekeeper on the job, as they have plenty 
of other work to do. In addition to subdivision of time as above 
set forth, it is the duty of the timekeeper to report the number of 
barrels of cement mixed in a day, which is usually done by the 
man in charge of the mixer counting the empty bags, and in addi- 
tion the actual volume of concrete measured in place. From this, 
knowing the proportions, it is a very simple matter to obtain the 
amount of sand and stone used, and also to see if the right amount 
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of cement is being used. Carpenter work on forms is reported 
by the number of square feet of surface in contact with the 
concrete erected. Thus walls are measured two sides without 
deducting doors and windows, as it is usual to let the form work 
run straight across these unless it is impossible on account of 
mouldings, in which case the framing of the opening will cost as 
much as the form work omitted. Beam floors are measured 
around the perimeter of the beam and the flat surface of the 
panel and around the perimeter girders. No deduction is made for 
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FIG. 4.—BACK OF MASTER CARD NO. I. 


the loss of area by the intersection of beams and girders, and small 
openings in the floor are not deducted. Anything as large as an 
elevator or stairway is usually deducted. Form work for columns 
is measured for entire area of surface contact between wood and 
cement, all four sides. These reports are made out on the job 
daily and sent to the office. The bookkeeper works these reports 
up into units of measurement, as cost of labor per cubic foot of 
concrete and number of cubic feet of concrete per barrel of 
cement, number of square feet of form work erected, etc., and 
from this it is easy to obtain the unit costs hereinafter given. 
The bookkeeper can take the reports of four or five jobs, employ- 














44 Wason on Cost oF CoNCRETE BUILDINGS. 


ing in the aggregate five or six hundred men, and in a single day 
work up the complete report for a week’s time, thus it will be seen 
that there is really little extra labor involved in the sub-dividing 
of reports into a useful form over merely reporting the time so 
that the payroll can be accurately made. The system employed 
has appeared of sufficient value to others to warrant its being 
briefly outlined in Gillette’s hand book on cost data, pages 14, 
15 and 19, and a description of it also appeared in Engineering- 
Contracting of March, 1906. Materials received on the job 
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FIG. 5.—MASTER CARD NO. 2. 


are reported on cards especially printed for the purpose, listing 
the principle materials which are reported, in order to save work 
of the timekeeper in reporting materials accurately. When a job is 
entirely completed and the ledger account is closed, a master card 
is worked out giving the complete history of the cost. On one side 
of the card are written the items which went into the original 
estimate, such as excavation, backfilling, footing, foundations, 
columns, floors, walls, stairs, etc., etc. In parallel columns is 
placed the actual amount of the estimate with the actual experi- 
ence, reduced to cost units such as cubic feet, square feet of form 
work, etc., and the percentage of profit or loss between the esti- 
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mate and actual results. On the reverse side of the card the 


principal items are worked out more in detail. Thus form work 
is reduced to cost of labor, lumber and nails, wire or other 
sundries used in: the forms per square foot of surface. It also 
includes all staging necessary for placing concrete. Concrete 
is itemized into the superintendent’s general labor, labor of mixing 
and placing, cost of cement, sand, stone, miscellaneous expenses 
such as teaming, plant and other general items, reduced to cubic 
foot measurement, which makes the total cost of the concrete in 
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FIG. 6.—BACK OF MASTER CARD NO. 2. 


place in each division of the building itemized for ready reference 
when making up future estimates on work of a similar character. 
These forms are shown in Figs. 3-7. 

It is well known that the cost of materials and labor in dif- 
ferent parts of the country varies somewhat. Having the unit 
items all sub-divided as above, into their elementary parts, it is 
an easy matter after determining the cost of materials in any 
locality to make the exact corrections to the results obtained on 
a previous job. Similarly, when a difference in the rate per 
hour for wages is known, if the same efficiency is obtained from 
the men it is very easy to make a correction, or if the efficiency 
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varies, judgment must be applied to determine the correct rate 
to use. It has been the author’s experience that although the 
rate of wages and cost of materials may vary somewhat in 
different parts of the country, the variations frequently offset one 
another so nearly that the sum total of the unit cost obtained in 
one place may be used in another, very seldom needing correction. 
For instance, within one month, after careful investigation, a bid 
was made up on a structure at San Juan, Porto Rico, using the 
same unit costs as for a building in Boston. In the report that is 
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given, the costs relate to strictly first class material and workman- 
ship in every case, as it has been the endeavor of the author to 
establish and maintain one standard for all work. Work has 
been done on all buildings included in the following tables under 
open shop conditions. Superintendents have received steady 
time, ranging from $28 to $60 per week; timekeepers get steady 
time, from $15 to $18 per week; common laborers almost invari- 
ably receive 20 cents per hour; the variation on certain jobs have 
run from 15 cents to 22?/, cents per hour. The working day 
has been nine hours. Carpenters in Boston for the last two years 
have received 4334 cents per hour, eight-hour day. In the country 
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districts and smaller cities carpenters usually receive 37% cents 
per hour, the limit ranging from 28 to 4334 cents. Steel setting 
has been done chiefly by laborers of better quality than the com- 
mon sort, with prices ranging from 22°/, to 25 cents per hour, 
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with limits of 20 to 28 cents. In the tables, superintendent, time- 
keeper, and water boy are included under the head of general 
labor as well as all common labor that cannot be classified. 
Cement has cost from $1.30 to $2.25 per barrel with an 
average price of about $1.50. Broken stone, from $0.90 to $2.00 
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TaBLe II.—Cost or Beam FLoors or REINFORCED CONCRETE. 
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2 }5 4 |Z G Oo a) oO | ¢ |e A, a 
byciag 3a _ | | —_ 
827 | | Power 
| Seria -165 | .107 | .003| .275 143 20 109 IOI 8 16 307 
809 | Tar Well, 
| Springfield -064 | .041 | .002 | .107 | .076| .005! .026 75 13 4 335 
804 | Mill, Green- | 
| field,Mass.| .106 | .061 | 004) .171 || .077| .011 | .109 | .086! .007 ss 345 
796 | Car Barn, | 
Danbury, 
| Conn.. 044} .OS1 O01 | .096 | .128| .013 | .086]| .071 11 ’ -319 
788 | Coal Pocket, } 
Lawrence, 
ASS.....| .072| .039| .002|.113 | .056| .004| .073] .041 9 19 _ 
762 | Mill, South- 
| bridge, | 
| Mass.....} .067| .062] .002| .131 -137| -029| .191] .051 38) .014] 460 
747 | Mill, Attle- 
| boro, Mass.) .062 | .032| .002/ .096 | .o71 | .023| .098| .062| .021 ss . 32 
744 | Bridge, Ply- 
i mouth, } 
| Mass. .../ .047 | .o50] .001 | .o98 078] .C19| .100 | .04 .027 210 | .274 
741 | Garage, 
Newton, | 
ass. -104 | -033] .002|/ .134 116! .020/ .121 | .084! .038/] .o10 304 
733 | Mill, South- | 
bridge, 
| Mass. .... -O57 | .OSt oor | .109 .1190 27 | .132 | -037 13 | -.034 . 462 
732 | Coal Pocket,| 
Hartford, 
| Conn..... -060 | .033 oor | .094 047 | -023| .o81 | .055 | .017/ .013) 236 
731 | Garage, 
} Brookline, 
@SS....-/ .105 | -035 | .002/ .145 -160 |] .032/] .088 | .058) .o41 2 . 300 
720 | Filter, Law- 
| rence, | 
Mass...... -048 | .032 | .oo1|] .o81 +302) .086 | .085 -O54 | .O12/ .032 | 307 
604 Stoeshoms, | 
| Chelsea, | | | 
Mass... ..| .064 -O43 | .002] .109 |/ .153/| .035 | .115 , .068! .052] .020 -443 
685 | Warehouse, | 
Fortland, 
Ms a hb’. | .037 +029 | .o01 | .067 -186! .030| .096 | .069 | .043 | -046 | .470 
614 | Textile Mill, | | 
| Lawrence,}| 
ASS. ....| .045 +042! .oo1 .o88 -130' .O13] .o71 37 -O25 | .O10 | ,. 286 
499 | Textile Mill, | 
wrence, } 
Maas. ....| .053 | .033! .oo1 | -087 | .116 | .033| .104 | .040/| .035 | .o15 | .442 
471 | Chapel, 
| Portland, | 
| Me,......|.053| .027] .co2 | .082 || . 200 | .008 +127 .OO1 | .041 | .010/ .377 
—_ ——| ——— . = poten Monell Soesrans AB Siet . deivathlaned 
Highest...../ .165 | .107 +004 | .275 || .186 | .035| .194| .10r| .052/| .055| .470 
Lowest.....| .037 | .027| .001 | -007 || .047 | .004| .071 | .037!| .007| .o10! . 202 
| Average of | 
| 1 Sa pies) sare -O45 | .002/.116 || .111 | .020] .106! .063 O25 | .024]/ .354 
| | 
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a ton, average about $1.25. Sand, from 50 cents to $1.50 a cubic 
yard, with an average of $1.00. Gravel, including sand and 
stone mixed, about the same as sand. Lumber, chiefly spruce 
and hemlock, sometimes a little white or North Carolina pine, 
$18-$28 per thousand, average price about $22. Teams have 
almost always been $5 a day of nine hours. The variations 
in cost due to different mixtures of concrete can easily be allowed 
for by reference to the table on page 133 of Volume IV, of the 
Proceedings. In general would say that the standard mixture 


TABLE III.—Cost or Fiat SLtaB FLoors. 


} Forms per sq. ft. of 











Surface Contact. Concrete per cu. ft. 
: : —- ; 
= 1 = 
= = aa 
Location, me = & 7-1 Pay = 5 
2 . iS - @ wt j > =o 
MJ > .° & i €¢ | ~ —_ | 4 2G 
° <o~ | » * 5 Co) 
Z $2; 2 | eel] « B18 8) 2 leat ae 
_ c De Y a) = | he 
0 he) — |ee| $ FI ¢ e & | a8] § $ 
5 a a | a Si 5 | 8 Fi & | o a } 
= | oO 4 | 4 e Of: & o) < & a & 
—| BE . nee : cals 
865 | Office Bldg., | 
Portland, | 
RP .078 | .039] .o01 | .118 043 .004| .087| .084] .o12 | .022| .252 
| 
852 | Fire Station, | 
Weston, 
Mass.....| .067 | .038 | .003 105 .103 | .007 | .092 | .053/| .026)| .039/] .320 
Ps | } 
9727 | Church, Bos- | 
ton, Mass.) .067 | .037 | .002 | .106 || .146| .017] .109| .072]| .020/! .o10| .374 
| Highest ....) .078 | .039 | .003 | .118 || .146 | .017 | .109 | .084 | .026 | .030)| .374 
|\——__——— — ‘ ens! ays at — — eer to = 
| Lowest... ...| .067 | .037 | .oo1 | .106 || .043 | .004 | .087 | .053 | .o12| .o10| .252 
Average of 3) .071 | .038 | .002 | .111 || .097 | .009 | .096 | .070 | .o19 | 024 -315 
{ i 





for all floors has been either 1-3-6, or 1-2-4, if the floor is 
subjected to extremely heavy loads and service. Walls are 
mixed 1-3-6, an1 columns usually 1-2-4; in some cases where they 
are very heavily loaded a richer mixture is used. As _ these 
mixtures are common to nearly all construction, the costs here 
given may be applied with little danger of error from neglecting 
the mixture on any work. Of course it can readily be understood 
that in the large number of jobs which have entered into the 
averages given, there being as many as eighteen in the case of 
beam floors, different methods of conducting the work have been 
used and many different foremen, Therefore, while the general 
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TaBLeE IV.—Cost or CONCRETE 


SLABS BETWEEN STEEL BEAMs. 
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-O1o 
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Forms . ft. of || = 
Surface Contact. || Concrete per cu. ft. 
>, — 
& £2. | S 
Location, " - & ‘a | a - 5 
co 3 e & S 3 a rey ] g 2 
z $8 3 de er i f | § Hy ae 
& E A eI 3) 2 2 a E3 
2 SS) 5/sF si gig i1& | 8) 88 
2 6 | 4/2 ellid/!d/|38} 4 | & 
810 | Bleachery, | 
E. Hamp- 
tom......-| .054 027 002 | .083 092 007 137 073 o12 
799 | Machine 
Shop Mil- } 
ton, Mass. -087 | .027! .003 117 090 | .033 | .114! .075 | .016 
792 | Foundry, — 
N. Britain, 
Conn.....| .078 | .046| .002| .126] .095]| .021 | .076] .078| .004 
| 
778 | Stable, Bos- 
ton, Mass.) .064 | .012/} .o01 | .077 || .101 | .o19 | -129] .070| .020 
774 Residence, 
Milton, | 
BN kno a 110] .071 | .003 384) -105 | .048 | .132]| .o80 53 | 
752 | Power 
House, 
Pittsfield, 
@aSS.....| .029| .030] .o01 | .o60 131 | .008 | .123]| .068/} .o13 
| 
725 | Laundry, | i | 
Boston, | 
BEBicccs | .o§8| .024]} .0oo1 083 092 / .021 | .098]| .o89 | .022 
676 | Prison, 
Ports- 
mouth | 
.H.....| .068] .017 oor 086 || .073 | .005 208 | .075 oe 
| 
652 | Paper Mill, | 
itti- | i 
neague...| .097 | .071 | .002] .170 144 | .033 | -143| .062 | .027 
584 | Power 
ouse, | 
Quincy, } 
@SS....+-| .047 o25 oor | .073 +073) .O21 1™S59 o8s | .064 
583 | School, 
Waltham, 
Mass. ....| .029 | .028| .oor 058 || .138| .009| .102| .078 | .o18 
494 | Foundry, | 
rovi- } | 
dence,R.I.| .028 | .020] .oo1 | 049/|] .084| .o12| .114| .026| .026 
494 | Foundry, 
Provi- 
dence, R.I.| .043 | .021 | .o01 | .065 |] .r11 | .or0 | .128| .029| .029 
ae os | 
Highest.....| .r10 | .071 | .003 | .184 || .144/| .048/| .208| .080 | .064 
Lowest. ....| .028] .or2]| .oo1 | .049 || .073| .005 | .076]| .026 .004 
Averageof 13; .061 | .032| 002] .o95 102] .org | .128| .068/| .024 
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average is doubtless safe for any work of an average character, 
some latitude may be allowed the judgment in determining 
whether any specific case is likely to be difficult, easy or average. 
The author has found quite a difference, for instance, in cost of 
identical work handled by different foremen, due to the personal 
equation of their painstaking, supervision and ability. The type 
of the construction has had little influence on the unit costs. The 
writer has had intimate knowledge of all the details of the various 
structures entering into the tables, and it is his opinion that the 
chief variation in costs has been due to the efficiency with which 
the superintendent has handled the work rather than to any local 
conditions. 

In Tables I-VII only typical jobs are given, whose results 
are correctly known. The results of a number of jobs have 
been spoiled by a change of timekeeper during the progress 
of the work, the new man missing for a day or two the proper 
classification or some other such small matter. It appears to the 
author, moreover, that the results from a few typical jobs would 
be of more interest than a mass of figures from all kinds of work, 
some of which would be of no value. Enough are given for a 
fair average, except in the case of long span flat slab, which is, 
by comparison, a recent type of construction. The figures for the 
highest, lowest and average totals in all columns are taken from 
the vertical column in which they stand and have no relation to 
the other figures in their horizontal line. 

The general averages of cost om form work per square foot 
of surface contact as given in Tables I-VII, recapitulated, are: 


RI Poi ot Clo 2h, Cees gat Bs et bin eamaccen an $0.13 
Floors with reinforced concrete beams .............. 116 
eS eR re eee, eee III 
Short span slabs between steel beams including the fire- 
proofing on the sides of the beams................. .005 
Walls exposed to view above ground ..............0008 .128 
I WHRIID = 5065060 0c bdcv canes ended seb kadsth ees .103 
et CN Ls as, Be uk bv ob wb ah Unkas eee 093 


These averages are believed to be higher than what is usually 
considered to be a fair cost by the majority of builders. It is 
upon the success of handling forms that good financial results 
depend. 
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TaBLE V.—Cost or BuitpiInc Watts ABOvE GRADE. 
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852 | Fire Station, 
eston, 
er 116 038 | .004/| .1§8/|| .100/ .007/! .069 | .053 
804 | Mill, Green- \} 
field,Mass.| .062 | .038| .002)| 102]! .o60)| .o11 | .084! .086 
802 Water 
| Works, 
| Waltham, } 
| Mass..... -137| .024| .001 | .162 || .146| .007| .058)| .057 
788 | Coal Pocket,| | 
| Lawrence, | } 
Mass.....| .118| .056| .002| .176|| .042| .004 | .073 | .043 
747 | Mill, Attle- 
| boro,Mass.| .103| .024| .oor | .128 || .129! .018 | .074, .048 
732 | Coal Pocket,| 
Hartford, 
Conn.....| .096| .047]| .002 145 | 118 O52) .097 | .055 
729 | Filter, Law- 
rence, | 
eae .046 | .032] .001 | .079 || .046| .017 | .083 | .054 
704 | Italian Gar- 
| den, Wes- | 
ton, Mass.| .101 | .073| .002! .176|| .102!| .008/! .105 | .o81 
703 | Stable, 
Beverly, 
Mass. ....| .099 | -030 | .002| .131 |} .078 C19 O71 | .o62 
680 | Residence, | 
| N. Andov-| | 
er, Mass. .| .078| .016 | .001 | .095 .006 014) .046 oso 
648 | Observatory,| 
Milton, 
Mass..... | .0§6| .038| .002/| .096]] .095 | .o12 | .060/| .187 
640 | Office, 
Boston, | . 
Mass..... | -10§ | .030] .002| .137 || .096| .033 | .066| .114 
638 | Tunnel, 
Boston, 
Mass _bewee 112 045} .005 | .162/|| .126)| .016 | .066) .106 
621 | Hospital, 
altham, 
Mass..... | .0§8| .028] .001 | .087 || .o89 | .017 | .034 | .063 
536 | Residence, | | 
Boston, | 
Ass..... -108 | .036| .oo1 | .145 || .110/| .o1§ | .077 | .069 
515 | Coal Pocket, 
| Provi- 
dence,R.I.| .087 | .020| .oo1 | .108 || .052 | .005 | .102| .090 
soo | Italian | 
Garden, 
| Brookline, 
Mass..... 064 | .027] .001 | .092 | 048 | .orr | .080/| .o71 
Highest. . 136 | .073| .005| .176 146 | .052| .105| .187 
Lowest. .... 046 | .016| .oor | -079 1 -042 | .004| .034| .043 
| Average of 17 085 | .036] .002| .128 .090 | .016| .073 | .076 
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In regard to concrete, labor is the variable item which must 
be carefully considered. Anyone of intelligence can make an 


TaBLE VI.—Cost or FounDATION WALLS. 


Forms per sq. ft. of 





Surface Contact. Concrete per cu. ft. 
| | { eo ee | & 
° L = 
j j y-) = >) 
: é 4 : 3 
Location, nm aid | = 6 ry 79 
~ Ss... 4 = ee . s ce 
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831 | Filter, War- 
ren, R. 103 .048| .004| .155 062 .037 | .086}| .068)| .012 | .031 | .296 
809 | Tar Well, | 
oe. 
MASS.+++++| .O7!1 -O31 H 002) .104 .040 | .O15 | .094)| -O75 | -O13 | .040/ .277 
757 | Tunnel, 
New Bed- 
ford,Mass.| .048 | .045 | .0co1 | .094 213 .019| .203| -092| .057| .o15 | .509 
756 | Filter, Exe- 
ter, N.H..| .124 | .067| .002 193 .064/ .021 | .071 | -116| .034| .019| .325 


729 | Filter, Law- 


rence,Mass.| .o58 | .042 | .0oo1 101 | .046 | .017 | .083| -054)| .O12| .032;| .244 


708 | Theatre 
Portland, 
Me. ......| .o81 | .024/] .003 | .108 .112 | .013 | 073%} -078 | .003 | .020| .303 


685 | Warehouse, 

Portland, 

ies cnem > -O53 .0o9g .oo! .003 .040 .o19 .060 .o70 .0o20 -O17 -235 
673 | Residence, 

N. Ando- 

ver, Mass.) .047 | .019 | .001 | .067 | .108 | .006 | ,o82/| .045 | .015 | .010 | . 266 


641 | Filter, Law- 
rence, Mass.) .048  .035 | .002 | .o85 .0os5 .006 039 | -027 | .o11 | .o10 | .148 


637 | Residence, 
N. Ando- 


ver, Mass.) .065 | .o19| .oo1 .O85 o87 O12 | .072 O45 | .013! .O10| .239 


633 | Retainin 

Wall, Nau- 

atuck, \ 

Sonn. ....| .134| .047 | .co1 | .182)| .097 | .018 | .056| .O32 | .022| .o10| .235 


621 | Hospital, 








altham, } 
| Mass. .... .048 | .028| .00"| .077 ,043 | .019 | .038 | .063 | .026| .o10! .199 
544 | Greenhouse, 
Brookline, 
@SS..... | .O32| .035| .oo1 , .068 .O51 -007 | .078 | .043 | .013 |, .O10 | .202 
543 | Hotel, 
Brookline, | 
ass.....| .037 | .018] .o01 | .056 .043 | .002}| ,oB0| .054)| .010 | .010 | .199 
* ., ae CS . iS oR SEES SH BELO Sek 7 
Highest. .... .134)| .048]| .004| .193 || .213 ry -203 | -116)| .057)| .040| .5909 
Lowest..... .032/| .009]| .001 | .056 .040 .002 | .038| .027 | .003| .o10} .148 





Averageof14, .068 | .033 | .002 | .103 || .076| .o15 | aor -062 | .o19| .017 | .269 
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estimate of the materials to be used, but note the average prices 
of labor per cubic foot: 





Columns . 


Flat floors 
Floors between steel beams 
Re ee 
Foundations 
Mass work in connection with buildings 


TaBLeE VII.—Cost or FooTtinc anp Mass FounpDATIONS 
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827 | Power 
House, 
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824 | —_ 
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| ton, Mass.! .0547 .025/ .001 | .o80)| .045 
817 | Head Gates, 
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MC... ceee- -O7E | .043 | .003] .117 .033 .OO:1 
815 | Canal, Low- 
ell, Mass...) .039 | .025 | .001 | .065 25| .o11 
807 Foundation, | 
Province- | 
town..... .069 | .043 | .002/ .114 030 |—004 
783 | Dam, Merri- 
mack, 
| ee .066 +037 | -003); .1006 .Od! .005 
508 Foundation, 
Boston, 
@SS..... .O1! .0060 | .OOo! .o18 .035 004 
597 Engine ' 
ounda- 
tion, Bos- 
ton, Mass.| .o95 | .039 | .003 | .137 37 13 
] 
491 | Gas Holder, 
Spring- 
field... ...| .034 | .031 | .002| .067 || .043| .oo1 
] | 
| | 
488 | Foundation, 
Provi- | 
dence ,R.I.) .016 .o1t oor | 028 O51 | .002 
Highest..... 119 | .077 | .003| .1908 o81 .020 


Lowest.....| .016 .006)| .o01 | .018 |} .025]| .oo1 
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Not until the last item is a price obtained in experience 
which, according to the observation of the author, the ma- 
jority expect to obtain in building work in general. Many 
men who have had wide experience in handling large quantities of 
concrete in mass have at times attempted a lighter type of con- 


struction, and have been greatly surprised at the large expense 


connected therewith. It has come to the notice of the author a 
number of times that men with this experience have added 50 to 
100 per cent. to the cost of mass work and felt that they were 


TABLE VIII.—Cost or REINFORCEMENT. 



































2 

ob wren the Weight Cost of Cost 
Re | Location. | in Tons. | Handling. per Ton. 
865 Office Building, Portland, Me.......... 324% $5,115.32 | $15.76 
852 Fire Station, Weston, Mass............ 8% | 40.26 | 4.74 
846 BS | Se ee eee 65% 548.81 | 8.41 
843 Coal Bins, Dalton, Mass............... 8% 61.75 | 7.26 
S09 | Dam, Auburn, Me,..............0000. 55 506.76 9.18 
RR SO SS oe eee 19 102.590 5.40 
ee I te ae 8% | 69.38 8.16 
$09 | Tar Well, Springfield, Mass............ 15% | 59.21 | 3.82 
807. | Monument, Provincetown............. 24% |! 136.84 | 5.58 
ES "| a oer eee 026m = 1,232.01 10.20 
709 | Machine Shop, Milton, Mass........... 20% | 177.16 | 8.75 
788 | Coal Pocket, Lawrence, Mass.......... 28 | 461.16 | 16.47 
gee | Min, Southbridge .. 2... 2... sees 53% 142.76 2.67 
759 | Mill, S. Windham, Me. ............... 203 3,079.60 10,51 
747 | Mill, Attleboro, Mass. ................ 40% 286.02 | 5.78 
741 | Garage, Newton, Mass................ 20 86.55 | 4.33 
733 | Mill, Southbridge, Mass............... 30 100.03 | 3.34 
732 | Coal Pocket, Hartford, Conn........... 195 2,316 60 | 11.88 
729 | Filter. Lawrence, Mass................ 44% | 112.84 | 2.54 
685 Warehouse, Portland, Me.............. 62 } 462.09 | 7-47 
639 Standpipe, Attleboro, Mass............ 190% 1,547.00 7.75 
788 NE 55. Stl pwc meaeib's ohn wasnt e a bad ohs coe e'ciawaal ae enone $16.47 
720 coy ap heee PERE ETL EER ERE ET TEE! RE OES PPT errr ore" $2.54 

EE BAS. oi SS Co xigen. S coin Nd. 6 AOA LN ROR ET Ss bad $8.52 
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amply covered for light structural work. The fallacy of this 
can be seen by a very recent experience. In building a dam 
across the Connecticut River about 5,500 cubic yards of concrete 
were placed. Cement and aggregates were received on a bridge 
abutment 26 feet above the river. Aggregates were dumped 
upon an inclined chute where they were to be washed, and from 
the end of the chute they fell into bins, from which they were 
drawn through measuring hoppers into a mixer and dumped 
from this into tram cars four feet above the water. The total 
expense for labor of washing, charging, mixing and dumping 
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into cars was only $0.12 per cubic yard, and for moving it in 
cars an average distance of 700 feet, dumping and placing was 
only $0.30 per cubic yard for labor, or a total cost of $0.0155 per 
cubic foot. 

Table VIII on reinforcement omits entirely the first cost of the 
material. After it is received at the site of the work in the shape 
sold by the manufacturer, the prices cover the cost of fabricating 
into units for columns or beams, bending the stirrups, placing 











Fic. 8.—MILL AT ATTLEBORO, MASS. 


and all incidentals whatsoever prior to the actual embedding in 
concrete. In the case of the highest cost, a coal pocket, there 
was very limited storage space, 114 in. bars had to be bent 
diagonally so as to pass over the top of the support at columns, 
and numerous stirrups, all of which had to be made by hand. 
The job was too small to justify any mechanical arrangement for 
bending or for handling material. The next highest office 
building, Portland, Me., there was a sufficient amount to require 
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proper machinery. The hoops for columns were all welded. 
The vertical bars were all wired inside of these hoops. There 
was a mushroom head of bent and circular bars wired together 
at the top and great numbers of long bars of small section spread 
in all directions over the floor. The lowest price, Filter at Law- 
rence, was made entirely of straight bars placed loose, the only 
expense being cutting them in a hand shear to length and placing 
them. 

In Figs. 3-7 is given an exact copy of a set of “master cards” 
which gives the complete financial history of the job when it is 





FIG. 9.—INTERIOR VIEW OF MILL AT ATTLEBORO, MASS. 


finally completed. Photographs of this particular building are 
given in Figs. 8 and 9, for aid in understanding the explanation. 
The first column, which is blank, is occasionally used for an esti- 
mate of the first cost, the proposal including the profit as well as 
the estimated actual cost. It will be seen that on some items a 
loss was incurred, as well as a profit on others, showing that it is 
difficult, even on work which a company is fairly experienced on, 
to reach the right price on everything, and also that when slight 
changes are made by the owner or architect they often entail 
heavy loss even though the changes appear to be extremely 
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trivial. Take the case of the external walls. The owners 
furnished the window frames and sash, which were all of metal. 
The original design was for a frame with two sash, which could 
easily be put into a six inch wall. They later decided, for greater 
fire protection, to use four sash. This required an eight inch 
wall instead of six inch, and as will be seen in the picture, the 
form work on the inside is no longer a plane surface as the space 
under the windows was paneled to save material. To save making 
a very narrow panel at the side of the window, which would cost 
more than the concrete saved, the space was filled up solid so that 
the columns are wider than they were actually figured. From 
this slight change, which did not appear great at the time, it 


TABLE IX.—Cost or ComMPLETED FIREPROOF BUILDINGS. 





| Unit Cost. 
: Volume _ (Floorarea} —————______ 
Job Cost. in cu. ft. | in sq. ft. Per Per 


| cu. ft. | sq. ft. 


ag Location. 


} 
o. | 
| 











865 | Offices and Stores, Portland..... $181,104 1,365,830 9°,474 | $.133 | $2.00 


862 | Offices and Stores, Evefett. ....| 61,646 | 406,780 39,840 


| 
| 











124 1.545 

804 | Factory, Greenfield............. 12,774 | 112,440 | 7,519 .114 1.70 
762 | Factory, Southbridge...........| 44,652 746,674 | 40,546 .060 .902 
747 | Factory, Attleboro............. 30,830 312,000 | 24,960 127 1.60 
731 | Garage, Brookline.............. 10,436 156,198 10,806 .085 1.23 
720 | Filter, Lawrence............... 19,003 | 140,250 19,208 .134 1.04 
852 | Fire station, Weston........... 6,757 | ~° 44,265 2,982 | .153 2.26 
739 | Observatory, Milton............ 3,625 | 0,734 657 -373 5.45 
831 | Filter, Warren................ 20,076 | 50,001 5,243 .333 3.82 
ee 61s i Sy Xin a U's ay 4's; dn 6. 5015 .0'0 ab 6 wien ode Lea cee te eas 1 nee 
re ee cans wc Cg ea hee bed eek die oobi ee tack le .90 
tel Site ae a eso Uke 6 vie bbe Bao abe ss ovesaett Tae 1.72 





developed later that the concrete on the walls showed an actual 
loss instead of profit, and that the form work cost more than 
twice what was originally estimated that it should cost. 

It was originally planned to tool the wall surfaces when 
the cement was less than ten days old, but on account of the 
various changes, forms had to be left on a_ considerably 
longer time and it was inconvenient to tool the surface until 
the cement was so thoroughly set that the cost of dressing 
was considerably greater than was first anticipated. Again, by 
reference to the % in. maple floor which was placed upon the con- 
crete construction, a cost of $89.44 per M. bd. ft. will be observed, 
and by reference to the details on the back of the card it will be 
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seen that repairing floor cost $248.50, or $12.42 per thousand. | 
This was due to the fact that the owners did not deliver or set 
the window sash at the time agreed and therefore the maple 
floors lay exposed to the weather in the building for several 
weeks, swelled and after laying shrunk, leaving large cracks 
which the owners insisted on being filled before they would 
accept the work. These experiences indicate how matters which 
appear trivial at the time may cause serious loss if overlooked. 
As seen by the large list of items entering into the estimate 
as given by this master card, there are various items of cost 


TaBLe X.—Cost oF FiREPROOF COMPLETE BUILDING. 














| Unit Cost. 
. . Volume | Floorarea 
— Location. Job Cost. | in cu. ft. | in sq. ft.| Per | Per 
“ cu. ft. | sq. ft. 
Storehouse, Nashua............| $141,755 | 1,714,448 168,696 | $.0827 $0.84 
Hospital, PR ek sss oso 60,800 703,602 57,054 .0865 1.05 
Office Building, Everett........ ° 61,646 496,780 30,840 .124 1.545 
Cold storage, NR 2 = 200,051 1,535,000 154,000 -13 1.30 
pe ee” 19,202 212,400 15,000 | .oo1 1.28 
Factory, Cambridge............ 141,520 1,327,868 106,022 | .107 1.335 
Storehouse, Saco. . a 
Manufacturing Building, Provi- 76,7906 1,140,000 146,000 .0685 .575 
dence. . .. nate ah os 91,377 1,380,500 90,240 | .067 1.01 
Office, Jacksonville. . eer. 603,840 56,552 | .107 2.42 
Factory, Cambridge. er ee = 133,064 105,600 8,800 | .124 1.485 
Factory, Cambridge. ie. ass 75,604 1,211,364 74,604 | .0625| 1.01 
Factory, Cambridge. east a 23,332 180,000 16,304 | .120 1.42 
Highest se wige baie ne Rb a aredeee EKG baie cand os 60'vin y/o & do eas SC a 
SSS ee gice tj cao bork WUD Se KES eo Fie oa 0625 S75 
ee oe ou ann pode ot aw wes one Rene 


1088 1.27 


entering into the construction besides those which are enumerated. 
Nevertheless the matter of the forms, steel and concrete covers 
by far the largest proportion of the cost of a reinforced concrete 
structure and the minor items are those which are peculiar to 
each individual case and which any person can easily estimate 
for himself. 

In addition to the unit costs given in Tables I-VIII, a few 
tables have been compiled of the total costs of buildings—that is 
the masonry and carpentry work without interior finish and dec- 
orating, plumbing or heating, which are more or less variable— 
trying to put the building on a comparative basis of the amount 
of work done on each. It has been a common method to estimate 
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the approximate cost of a building by either the square foot of 
floor space or the cubic foot of space enclosed. After making 
this comparison, the author is convinced that neither method is 
accurate enough to put much reliance on, the square foot method 
being a little safer than the other. 

Table IX contains the total cost of actual contracts executed. 
Table X contains bona fide bids on complete buildings on which 
the author was not the lowest bidder but where the difference was 
not as a rule very great. Tables XI and XII cover bona fide 
bids on work by another contractor whose experience was similar 


TasLe XI.—Cost or Fireproor Buitpincs, Compiled by J. R. B. 























| Unit Cost. 
ob ‘ Volume /|Floorarea 

i Location. Cost in cu. ft. | in sq. ft. per | per 
cu. ft. | sq. ft. 

Office Building, Boston.........| $70,600 | 441,000 | 35,854 | $0.150 | $1.07 
Cold Storage, Boston...........) 132,365 1,016,400 | 101,640 3% 2.90 
Hospital, Methuen............. 44,451 348,320 34,832 127| 1.27 
Hospital, Monson.............. 51,574 414,732 | 20,838 124] 1.73 
Bank, Springfield.............. 65,580 e020. 990 1h) «dines ee ee 
Masonic, Dayton...............| 180,197 1,479,456 er Mer. 2 Aer pee 
Warehouse, Provincetown....... 31,280 259,700 24,500 | .820] 1.28 
Garage, Bostom................ 59,105 OO7.490 F028: -1t8)...... 
Warehouse, Boston......... ..| 275,723 | 2,507,000 | 212,000 | .106/ 1.30 

Hotel, Louisville...............| 220,646 | 2,116,106 pees 104 | : 
Hospital, Grafton.............. 40,724 485,780 38,247 | «100! 1.30 
logs 6 iS diet ie o's bc 25,151 264,687 Soe eo (MRE Bena es. 
Cold storage, Worcester......... 82,711 909,240 66,745 | -09r 1.24 
3 0 an re 43,586 ow Reeds aes ere 
Office, Boston............ 60,003 501,575 67,400 084) 1.12 
ER yas hacks 3 ark a UE eis BEA 0 ins ct ba doen cslad oc as peer ees 
ee ekg a aid se RM eed ea ae la hide Onl ati ea eS aca .084 1.12 
Na aerate erat 113} 1.39 

Variation high and low, percent ....... 53.8 $7.0 





to that of the author. As a rule, cubic foot measurements are 
given in cents only, seldom being carried to any closer sub- 
division. In reference to Table XII on second-class buildings, 
it will be noted that for the largest building a variation of one 
cent per cu. ft. amounts to over $28,000, while the smallest one 
in the list amounts to only a little over $5,400. Again, on the 
last three items, the cu. ft. price is practically identical, while 
the square foot measurements corresponding vary by more than 
100 per cent. with no apparent reason in the design. 

In Table XI another discrepancy is noticed. In the first 
and the last items the highest and the lowest price per cu. ft. as 
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well as per sq. ft. are on office buildings of a similar type within 
one mile of each other where there is no apparent reason for 
such discrepancy in the design or difficulty of access in the erec- 
tion of the building. It is recommended that very little reliance 
be placed upon this class of estimates. 

So much has been said regarding the cost of moderate priced 
dwelling houses of reinforced concrete, an estimate has been 
made on four of the prize designs of the competition held by the 
Association of American Portland Cement Manufacturers. 
These have been figured out on average unit costs given in the 


TaBLe XII.—Cost or MiLt ConsTRUCTION ON SECOND-CLASS BUILDINGs, 
Compiled by J. R. B. 


Unit Cost. 











ob | atin A Volume Floorarea 
Os Location. Cost. in cu. ft. | in sq. ft Per en 
cu. ft. | sq. ft. 
Mill, S. Boston................| $66,516 544,788 44,172 |$.122 | $1.51 
Warehouse, Boston........ .| 337,000 2,808,850 v4 shee es 1 eRe : 
eee, . oetem. ........... 113,288 1,271,300 129,920 | .o89g1 “875 
Storehouse, Ne 101,098 1,714,448 | 168,696 .050 60 
Mill, Easthampton. Oe wie sam 90,703 1,622,128 152,200 .056 60 
Mill, Ns oe oe wag 72,048 1,331,200 83,200 054 .865 
Mill, Woonsocket. . Pi ea ak ; 85,754 1,752,609 81,500 | .048 1.05 
Mill, Centreville......... svaccul. 208208 2,641,000 08,050 .046 1.25 
Mill, Pawtucket........ sek eee a 04,341 2,036,731 174,000 .046 542 
Mill, Fitchburg................] 120,405 2,867,535 157,730 .045 82 
pence et ee batas . $.122 | $1.51 
I kn cian oe nig be wdc es mien ba tb ene 6.06 eb ae be bea .045 -542 
as. oc rds catch eds CORD 6 6d BENE Lae wees ore 


.0690 -90 





accompanying tables. First prize was for a $2,000 house, single 
and double, and for a $4,500 house, single and double. The first 
figure is for a house as designed by the successful competitor, 
the second figure for a distinctly monolithic fireproof house on 
the same design. It will be seen that these houses cost more 
when estimated, based upon the experience hereinbefore given, 
than the sort given in the competition. It is nevertheless the 
author’s opinion that small detached houses cannot be built as 
cheap as a rule as the average unit price upon which the estimate 
is based, because these unit prices are obtained from much larger 
buildings, the majority of which are much plainer in design, 
which thereby simplifies the construction. 

There has been some inquiry regarding the cost of works 
men’s cottages, and a design has been made for a block house 
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to be built in not less than twenty at any one time in blocks of 
ten or more in length. These are two-story houses with cellar 
for storage of coal, two rooms on the first floor, four chambers 
and toilet on the second; 17 ft. front, 27 ft. deep, fireproof 
throughout. These could be built for $1,600 each, or 16.9 cents 
per cu. ft. and $1.73 per sq. ft. of floor space. If built of the 
same design only of wood, the cost is estimated to be $1,355, or 


TaBLE XIII.—Cost or Four Housrs.—Prize DesIGNs FROM THE Com- 
PETITION HELD BY THE ASSOCIATION OF AMERICAN PORTLAND 
CEMENT MANUFACTURERS. 

The houses are complete except for heating, lighting and plumbing. The third col- 
umn is figured out from unit costs given in the preceding tables for a house with concrete 


walls and wooden interior as per the competition; the fourth column is for the same 
house built entirely fireproof. 





; Limit in Cost as Cost. 
Design. the Com- | per Com- All fire- 
petition. petition. proof, 





No. 158, Eugene Ward, Jr., Architect. Single house, 
26’ front x 20’ 8” deep; 2 stories and cellar; 4 
I a aa thai a kk g apieic a.» bias Shs : $2,000 $3,604 $4,315 

No. 177, Andrew Lindsay, Architect. Double house, 
66’ 6” front x 28’ deep; 14 stories and 4 cellar; 
4 rooms and bath.......... SY See 

No. 96, W. Cornell Appleton, Architect. Single house, 
33’ front x 28’ deep; 2 stories and cellar; 7 rooms 
EAU O GALS on op lenp 0s 060060 ¢4s00es 4,500 5,847 7,112 

No. 156, Eugene Ward, Jr., Architect. Double house, 

72’ 8” front x 30’ 10” deep; 24 stories and cellar; 
ee 8 ree 


4,000 6,716 8,385 


9,000 10,440 12,507 





14% cents per cu. ft., $1.48 per sq. ft.—a saving between concrete 
and wood of $245, or 15.3 per cent. Considering the severe wear 
and tear such a house receives from the class of people who 
occupy it, this difference in price is very well justified. Prices 
given-here are for everything necessary for the building com- 
plete, ready for immediate occupancy. 
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Mr. F. H. Beese.—I would like to ask how the separation Mr. Beebe. 
of materials is made between columns and floors and walls and 
foundations ? 

Mr. Leonarp C. Wason.—That is a very simple matter, Mr. Wason. 
because, as a rule, columns are filled in one day, walls another 
day, floors at a different time. Where, on account of rush of 
work or other circumstances, some of each kind of the work is 
done on the same day, the volume of concrete is measured in 
place. The empty cement bags at the mixer are counted, and are 
kept in separate piles for each kind of work by the foreman. He 
tells the man in charge there, when he is on columns, to keep 
them in separate piles, and the same applies to floors, walls and 
foundations. After measuring the concrete in floors, by working 
i backwards we find the amount of stone and sand used, also the 
f number of cubic feet of concrete per barrel of cement. 

. Mr. W. P. ANDERSON.—We have been in the habit of keep- Mr. Anderson. 
: ing our cost and arriving at our estimate in very much the same 
way as Mr. Wason. We keep the form work entirely separate 
from the concrete, and obtain a price for the form work on a 
job. This is determined by counting the superficial feet in con- 
tact with the concrete, taking the columns on all sides, the two 
sides of walls, beams and girders, and of the entire floor area. In 
getting these quantities we make no deductions for any inter- 
sections. If the building is 100 feet long, no matter how many 
cross-girders come in, we count the form work as 100 feet long. 
With columns we take the full height, and mcke no deductions 
for the concrete where it is already counted in the floor, and thus 
the intersections are sometimes counted four times. There may 
be a beam going one way, and another beam going another way, 
but we always find that there is more or less loss that will make 
up for any additional concrete or form work that may be counted 
‘ in that way. In reference to openings, we very seldom make 
§ any deduction, because it is nearly as much trouble, especially in 
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Mr. Anderson. form work, to frame around the opening. You have to put 
your forms up about the same as if it were filled in. In the 
costs given by Mr. Wason he did not distinctly state whether 
there was any addition for superintendence and timekeeping and 
waterboy and things of that kind on the job. 

Now, when we make up our cost, we lump those things in one 
item, so much a month. You can figure your superintendence 
for a month; and you have to have a timekeeper and a watchman 
and a waterboy, and, if the job is out of the city in which you 
are located, you will have to have some travelling expenses con- 
nected with it; and we arrive at those items by a monthly charge. 
There is also an engineer. He may be hoisting one class of 
material part of the time, and another class of material another 
time, and it is very hard to subdivide his time. So we make a 
separate item of that, and add that in at the end, in addition to 
all costs that came before. After that, the basis of our costs is 
somewhat -different from that of Mr. Wason. We are a little 
bit cheaper in the placing of the concrete. I think that is prob- 
ably due to the fact that he has included the installation of his 
machinery in the cost; we make a separate item of that. We 
allow so much on each job because, if it is a little job, the 
installation of your plant costs more in proportion to your con- 
crete and material in the job than if the building is a large one. 

I have no figures with me, but havé them pretty well in my 
head, using them almost every day ir. making estimates, and I 
can give you a little idea of the varying costs under certain cir- 
cumstances. 

Now, we put up a 16-story office building in Cincinnati 
about five years ago, entirely of concrete. The cost per square 
foot of the form work in that building, counting it as I have 
described, was between ro and 11 cts. per sq. ft. This includes 
the cost of the lumber, nails and labor, taking down the forms, 
and allowing a salvage for the lumber we could use over again. 
In other words, it was the total cost per square foot of the form 
work exposed to the concrete. If I remember rightly, the cost 
of placing the concrete was about $1.50 per cu. yd., including 
all the cost of labor at the building. Of course, the cost of 
material is the thing that varies in different sections, and we 
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always figure it separately. In determining the amount of ma- Mr. Anderson. 
terial in a yard of concrete for reinforced work, we customarily 
use a I-2-4 mix. The amount of sand and stone does not vary 
materially with the mix. It is so slight that there is not much use 
in making any difference, but the amount of cement does. Now, 
for the 1-2-4 mix, we figure a barrel and a half of cement to the 
cubic yard, half a yard of sand and a yard of stone or gravel. 
Theoretically, there will not be that much required, but I suppose 
a good many of you will notice that when you buy material you 
do not always get what you pay for. It shakes down in the cars, 
and there may also be a sagging of the forms, so we try to be 
on the safe side. It is impossible to make the forms so strong 
that they do not sag a little. If you use unscreened gravel, it 
does not take quite as much, because the gravel is not so filled 
with voids as is the crushed stone. It has sand in it, which the 
stone has not. It would apply, however, to a screened gravel, 
where the sand had been taken out. 

The cost of steel varies just about the way that Mr. Wason 
has given. It varies so much with the amount of bending, etc., 
that no really very accurate figures are possible. The cost of 
the form work in different kinds of buildings varies. We make 
no distinction between the walls or columns, or the beams or 
anything else, because we find when we are erecting a column 
that it is pretty hard to determine whether the carpenter when 
he gets to the top is putting the column up or the floor on. He 
may be putting the joists up to hold the column in place, and we 
have not been able to get any satisfactory division. I find it 
more accurate to give the same price to all things, no matter 
what it is, and vary the unit price according to the character of 
the building. 

We put up a building about roo ft. wide and 300 ft. long, 
with a 28 ft. story height, and a 4o ft. span. Above that, columns 
were run up for another story, no floor being put on, but a steel 
roof was placed on top of the column. It is expected to eventu- 
ally take down the steel roof and use it again higher up when 
the additional story is added. It was a rush job, with a bonus 
and time limit. We had to work on Sundays and at night, and 
the cost in that case was about 16 cts. per sq. ft. of the surface 
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Mr. Anderson.in place, as described above. Of course, the walls probably did 











not cost that much, but the interior would cost more. The fact 
that it was a rush job and that the forms could not be used 
over again on this job increased the cost slightly. Of course, 
we could probably use the forms over again for columns, or 
things of that kind, but we could not get much duplication. 
Another reason for the high cost was the height; the props had 
to be so much longer. An ordinary story is 12 feet high, and 
it is not necessary to brace it so well as a 28 ft. story. Then, 
of course, the span being 4o ft. it required a little more expen- 
sive shoring than with a shorter span. One of the factors in- 
creasing the cost was the fact that the building was constructed 
with the form work on the ground. Above the first or second 
stories the form werk is somewhat cheaper than on the ground, 
because on the ground every piece has to be levelled up to a 
different height. There is a tendency for it to settle, and you 
have to have a man around to see that no place settles more than 
another. 

Those are some of the reasons that contributed to the high 
cost in that case. Also, when a person is starting in to do con- 
crete work, the carpenters are not familiar with it—they 
are working in a manner reverse to what they have been ac- 
customed. It is a little awkward to them at the start, and you 
will find it costs more than you think. If we were to erect the 
Ingalls Building again, we could probably save a cent or a cent 
and a half on the form work, and that building was only 
5,000 sq. ft. to the floor. Now, in a large buildings, with, 
say 20,000 sq. ft. for each floor, with four or five typical stories, 
where the forms can be used over three or four times without 
change, and after the carpenters have become experienced, the 
form work will cost between 7 and 8 cts. per sq. ft. if the work 
is done under the best conditions. However, if the job has to 
be pushed, it costs more, because it requires more lumber. The 
lumber cannot be used over so often on account of the time 
required for the cement to set. Of course, there comes a point 
where your dead expense, if you dragged on too long, will eat 
up any saving by utilizing the same forms. over a number of 
times. I would advise those without experience to add 2 or 3 
cts. per sq. ft. to the prices given. 
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When we get our costs on a basis of that kind, we add 
something for equipment, and, of course, that depends on the 
size of the job. Generally, on an ordinary job, $600 to $1,000. 
We figure about $450 to $550 a month for expenses if we are 
taking the job outside of the city, in addition to the machinery 
cost. That will cover travelling expenses and watchman, su- 
perintendent, waterboy, and things of that nature. Of course, 
that would be on a big job, because we do not take any small 
jobs very far from home. We cannot afford to do it on account 
of having so much incidental expense, and the local man can 
generally do better. After the cost is derived we have to add 
about 7 per cent. to cover our fixed charges. Those fixed charges 
would be our office expense, liability insurance on the job, en- 
gineering .and things of that nature, which are not included in 
the cost that I have mentioned. These figures do not include 
any profit which must be added, with an allowance for con- 
tingencies. I have found, and I think others who are in the 
reinforced concrete business also, that the fixed charge attached 
to this form of work is much higher than in any other form of 
contracting. You may get down to 2 or 3 per cent. on some, 
maybe lower than that, but on the reinforced concrete work 
it is bound to run up. The engineering and the trouble that you 
have in ordering, getting and keeping track of small pieces of 
steel, etc., is an item that you get fooled on when you first start in. 

I would like to ask Mr. Wason whether he has included 
superintendence and things of that kind in his costs. 

Mr. Wason.—The cost of superintendence, timekeeping 
and waterboy is all included in the item of general labor, which 
covers in addition everything which is not actually concrete labor. 
It includes the cost of cleaning up floors, receiving materials and 
so forth. 

Mr. H. C. Turner.—I do not believe I can add very much 
to what has been said by Mr. Wason and Mr. Anderson. We 
are all anxious to arrive at an easy way of finding out the cost 
of work as suggested, but there is no such way. The great 
value of cost keeping is to broaden our knowledge of costs and 
correct our judgment in estimating future work, and for the 
purpose of determining exact costs as the work progresses. Often 


Mr. Anderson. 


Mr. Wason. 


Mr. Turner 
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Mr. Turner. we will find opportunities to slightly modify methods which have 











been adopted and thereby reduce materially the unit costs as the 
work progresses. In order to do this, We must have the knowl- 
edge of the actual unit costs from week to week. There are a 
number of methods which can be devised for this purpose. Our 
system consists in first estimating the work, our method being 
similar to the one described by Mr. Anderson, and after obtain- 
ing the contract, to analyze the estimate, separating the labor 
from the materials and dividing it into the different operations 
which have to be carried through to build the structure. We 
give each operation a number. For illustration, No. 1 repre- 
sents the labor, skilled and unskilled, in making the form work. 
No. 2 represents all labor on form work in connection with foot- 
ings, and No. 3 represents all labor expended in setting up and 
taking down the floor and column forms. Our blanks for re- 
porting the time to the office contain these various classifications. 
The timekeeper divides the labor each day among the different 
operations or classifications, I, 2, 3, 4, etc., and mails them daily 
to the main office. With this information, the pay-roll clerk 
makes up the weekly pay-rolls and the summary cost sheets, 
which must check as to totals. The cost-keeping department 
estimates the quantity of work actually done during the week 
and with the summary labor cost sheets carries out the exact 
unit costs. This report is given to the President and to the 
General Superintendent. The General Superintendent discusses 
the unit costs with the Superintendents and if the costs are ex- 
cessive, a strenuous effort is made to reduce them. It should 
be noted also that the moral effect on the entire force is excellent. 
There is a great deal to be gained in this respect, as it has a 
marked influence upon every workman on the job if he knows 
that the boss knows what the work is costing. 

The important point in determining how the costs shall be 
divided is to select operations which are repeated. For instance, 
we have No. 3, which is setting up and taking down floor forms. 
Now, No. 3 will occur on the first floor, on the second floor, on 
the third floor, and so on. So we subdivide this work as 3, 
which will include all labor in erecting and removing the forms 
for the first floor; 3. will include the same labor for the second 
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floor, 3, for the third floor, and so on to the top of the building. Mr. Turner. 
When you have plotted these unit costs graphically, you should 

have a straight line, if the work was started right and the effi- 

ciency maintained. We, however, always find the unit cost a 

little higher on the lower floors, reducing as we go up, for the 

reason that the workmen become better acquainted with what is 

expected of them. 

We have noticed particularly that the important thing in 
obtaining efficiency is for the superintendent to know exactly 
what he wants his workmen to do, and for the foreman over the 
workmen to be able to direct and require every individual to do 
his work without lost motion, without lost effort. We all real- 
ize ourselves that we can probably do five or ten or fifteen per 
cent. more work if we try, and the great thing is to show the 
workmen how they can increase the efficiency of their labor. 
That can only be done by knowing in detail just how the work 
must be conducted. 

Now, as to being able to estimate costs per cubic yard of 
concrete from one job to another, we have found this to be im- 
possible. The form work is the largest single item, and the 
form work varies with each different building, depending upon 
story heights, depth of beams, spacing of columns, and also, of 
course, upon the conditions surrounding the locality, the room 
in which to work, and the ease with which the materials can be 
delivered. 

We divide our estimates into form work, steel work and 
concrete work and into all other items which are distinct. After 
making up our total cost of labor and materials, we have our 
top charges, as have been explained by Mr. Anderson; an allow- 
ance for installation of plant; another for superintendence; an- 
other for engineering and construction drawings; and then a 
contingency charge to cover unforeseen conditions which arise 
on all work. 

It is possible to make comparisons of the cost of buildings 
per cubic foot of contents, but in making such comparisons it is 
necessary to take into consideration story heights, the length 
of spans, the loads, and many other items. This cubic foot price 
in our experience has varied from 6% cts. to 12 cts. per cu. ft., 


depending upon these conditions. We invariably check our esti- 














Mr. Turner. 


Mr. Lindau. 
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mates before presenting them by the cubic foot check, and any 
very large error would be detected. 

Now, I do not believe it will ever be possible, by means of 
any cost-keeping system, to sit in the office and determine the 
cost of work. Judgment cannot be eliminated in this respect. 
It is always necessary to visit locations and study them in detail, 
as they are variable, and are matters bearing upon costs. The 
purpose of the cost-keeping system is to improve the judgment 
of the estimating engineers, and to aid the superintendent in 
obtaining efficiency. 

Mr. A. E. Linpau.—What has struck me most forcibly in 
this connection is that in addition to the figures Mr. Wason has 
given us, it is necessary to have more information as to the 
price of materials and cost of labor in each particular case in 
order to properly compare costs, based on units of square foot 
or cubic foot, of similar structures in different localities. In 
addition to this the matter of union labor must be reckoned with. 
In St. Louis all reinforced concrete work is controlled by the 
unions. The framing is all done by members of the Carpenters’ 
Union ; the material in wheelbarrows is handled by members of 
the Cementers’ Union; and the steel is placed by structural iron 
workers. In addition to the high scale of wages asked by mem- 
bers of unions, the cost of construction is frequently increased 
by the squabbles among the various unions as to the division 
of labor. As a case in point, I have in mind a terra cotta cor- 
nice overhanging a building four or five feet, the back of which 
was to be filled with cinder concrete. The bricklayers claimed 
this as part of their work, and as they do all of their work with 
a trowel, insisted on placing all of this cinder concrete that way. 
As a consequence the job was tied up for a week or ten days 
until the matter was adjusted. 

In another case in which our company was interested as a 
contractor, trouble arose between the carpenters and the struc- 
tural steel men as to who should put on the wire hangers sup- 
porting the soffit boards under the I beams, the carpenters claim- 
ing everything touching wood, and the steel men everything 
touching steel. The matter was finally settled by paying a walk- 
ing delegate for one of the unions so many dollars per day as 
seemed necessary to satisfy that organization. 
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Another point of interest would be some information in aMr Lindau. 
general way as to the relative costs of various types of floor 
construction, from which could be obtained the economical 
limit, say, of slab-construction as against a panel sub-divided by 
beams; also the bearing on floor cost extension beams and col- 
umns as against wall-bearing floors. These facts can be obtained 
by the careful contractors and would serve as a general guide 
in design. 

Mr. H. B. ANprews.—There is one point on which none of Mr. Andrews. 
the preceding speakers have touched—the cost of doing con- 
crete work in cold weather. It seems that while it is generally 
contemplated that the work should be finished before cold 
weather sets in, it is hardly ever the case. We are always run- 
ning into cold weather. For example, in finishing buildings 
with granolithic floors it is generally impractical to put the 
floors on at the time the base is put in, for if you do so in cold 
weather, they are liable to freeze and scale, and the owners are 
not satisfied with the floors. Therefore, some provision has 
to be made for putting on the floor finish afterward. This 
costs more money. Now, I wish Mr. Wason or some of the 
other speakers would tell us what extra cost there is for doing 
the work in cold weather. 

Mr. Wason.—I have one job in mind where 35,000 sq. ft. Mr. Wason. 
were placed in the open air, in midwinter, when the thermome- 
ter never rose above 25 degrees F., and seldom rose above 15. 
The total cost of the job was a little over $20,000. The extra 
cost, on account of the cold weather, was about $1,000, or 5 
per cent. The work came out perfect. Those floors were put 
in with a rough surface. After the spring came and the roof had 
been built over this floor, the finish was put on. This cost 
probably 5 cts. per sq. ft. more than if it had been put on in warm 
weather at one operation as an integral part of the floor con- 
struction. 

I have another job in mind where the contract price was 
about $36,000, where the work thawed and froze. Some of 
the concrete had to be taken out and done over. The method 
of procedure, as a protection against cold weather, was to heat 
the sand with live steam to take the frost all out of it, and then 
allowing it to be mixed with the stone quite a little while in 
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Mr. Wason.the mixer it took the frost off the stone; also salt water was 


Mr. Porter. 


used. The forms were sprinkled with salt, and the top surface 
of the concrete was also sprinkled until it looked like a frost. 
This produced a strong brine on each surface and prevented 
freezing. The second job also cost about 5 per cent. over warm 
weather prices. 

Mr. H. F. Portrer.—I think Mr. Turner hit the nail on the 
head when he said that this cost-keeping was so largely a matter 
of judgment, and, therefore, it is with a great deal of danger, | 
think, that the subject is brought up, and this industry is still 
very young, and it is already strewn with a great many wrecks, 


‘due to people trying to do work on other people’s figures which 


they knew nothing about; and, therefore, while Mr. Wason’s 
figures may be of great value to him, I seriously doubt if they 
will be of very much value to anybody else who would not know 
the conditions under which those figures were arrived at. 

Now, I think, of the conditions which would make the 
figures valuable to him and not to us, there would be, first, the 
locality. They are probably arrived at mostly around Boston, 
and the labor conditions of Boston and Cincinnati and New 
York and Philadelphia and Canada are entirely different propo- 
sitions. Last winter I had a job in Toronto, and the labor con- 
ditions up there were considerably different than I found them 
in Philadelphia, and again different than I found them in 
Chicago, and all those things affect the cost. 

Then there is the vital factor of organization. One may 
easily reduce the cost of putting in concrete by an ingenious 
plan and by a skillful supervision and by using good judgment. 
so as to preserve and produce harmony in the details of the 
operation and to cut down the time to a minimum. It may 
easily reduce the cost one-half. I know on one job after the 
second floor we succeeded in reducing the expense of placing 
the concrete from $1.50 to 75 cents by a smoothing out of the 
organization. So that when the personal equation is so large 
it is pretty dangerous, and I don’t want to advise any friend of 
mine to take my figures and try to do any work from them. 
It is something he has to dig in and learn gradually, until finally 
he gets to the point where he knows enough to bid, from his 
own experience, 
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Mr. Wo. M. BaiLey.—I know myself that oftentimes the Mr. Bailey. 
cost of work has been reduced at least 50 per cent. by smooth- 
ing out the organization, as Mr. Porter says. In one particular 

; case concrete on one floor cost about $1.50 per cu. yd. for labor, 
and the cost on the second floor was reduced to 90 cts. Oftentimes 
the foreman himself can reduce these costs. One man can 
make the work cost at least 15 per cent. for labor more than 
another. 

Mr. J. R. GLtoyp.—In trying to reduce the cost of labor on Mr. Gloyd. 
a job, it has been our experience that by the general superin- 
tendent visiting the job every two or three days, or during the 
day the concrete is under way, and going over the work with the 
foreman or the superintendent in charge, he will find many 
points that the superintendent or foreman in charge did not see, 
which will materially reduce the cost of handling the material 
and labor in connection with the work. 

And another point I would like to make is, I am a firm 
believer in instilling a spirit of rivalry in a way between the 
superintendents on the various jobs, and in that way we give 
the superintendents the actual labor cost anywhere on their 
jobs, on the other jobs in progress at the same time, or similar 
jobs they have done. We do not give them any idea of the cost 
of materials, but simply the labor and the different items, which 
instils a very healthy rivalry and helps to reduce the cost of 
labor to the lowest point. 

Mr. Wason.—Mr. Porter expresses disapproval of the prin- Mr. Wason. 
ciple of publishing cost data on the ground that it would mislead 
others. Anyone who uses it will have experience to realize that 
the costs cannot be exactly duplicated even by the same man. 
Nevertheless, this data is useful to those who have had no experi- 
ence at all. The averages in tables ought to be a fair comparison 
with the average conditions found elsewhere, and an inexperi- 
enced person would be very foolish to use a lower price. 

It has been the experience of the author that novices have 
very much underrated the actual cost of construction much to 
their own hurt. It is for the benefit of such that this article was 
prepared, and if a person keeps in mind how this data was 


obtained, and all the statements made in connection with it, he 
can safely use the figures given, 

















COMPARATIVE COST OF REINFORCED 
CONCRETE BUILDINGS. 


By Emize G. Perrot, Assoc. M. Am. Soc. C. E.* 
ee 

The use of plain concrete for footings, foundations and as 
a substitute for massive masonry wall construction, has come to be 
generally accepted by the building world of to-day. Even-the 
most skeptical as to its use for columns and beams, do not hesitate 
to use concrete in the above manner. As the constitutional infirm- 
ities of plain concrete became more evident and its use conse- 
quently restricted, means for overcoming these weaknesses b\ 
reinforcing the material with iron or steel rods at once opened 
up the field of application of concrete, so that to-day entire struc- 
tures from footing to top of cornice or parapet are constructed 
solely of this material. 

Apart from the mere adaptability of a material for building 
purposes, owners when investing large sums of money in real 
estate, must take into consideration the economical aspect of the 
construction. Aside from the desire to conserve their property 
(that is, to build so as not to burn), the saving on the insurance 
premium is very often a controlling factor in the selection of a 
type of construction to use. Twenty-five years ago the idea of 
making buildings of the factory type fireproof was uncommon ; 
almost any sort of structure was deemed fit to use for manufactur- 
ing purposes. As the ascendency of the United States in the man- 
ufacturing world became great and we commenced to lead in the 
manufacture of the world’s products, architects and engineers 
at once saw a field for their labors that had heretofore been left 
to the caprice of untrained minds, it being the exception for an 
architect or engineer to be consulted in the designing of a strictly 
factory building. To-day, however, thanks to the insistence of 
the insurance companies on higher standards, the design of almost 
all manufacturing buildings is attended with much study and 
they are usually built under the supervision of a competent archi- 


* Ballinger and Perrot, Architects, Philadelphia, Pa. 
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tect or engineer. This change in methods has led to a much 
higher standard of building, and with the advent of reinforced 
concrete has come the commencement of a period when fireproof 
factory buildings are to be the rule instead of the exception. 

We all know how the so-called “slow burning” type of mill 
construction supplanted the joist constructed building a few years 
back: how the building laws of large cities classify the buildings 
into first, second, third class, etc., according to their degree of 
fireproofness ; how insurance companies are lowering the premium 
ou fireproof buildings; in fact, the tendency to-day is towards a 
better grade of building. And it is right that it should be so, 
since what a farce would be our boasted twentieth century civil- 
ization should we still be content with the undesirable firetraps 
erected by our forefathers. 

We hear to-day a great deal concerning the scarcity of lum- 
ber; perhaps it is a good thing that lumber is becoming more 
expensive and the price almost prchibitive, for then we turn our 
thoughts to a substitute, and in doing so improve upon the 
methods that have been in vogue. The optimist’s reply to the 
lumber question is, use reinforced concrete or concrete lumber, 
build so as not to burn, make your work permanent; reduce the 
cost of maintenance on your building, get lower insurance rates, 
or better still, eliminate insurance. What is the need of insur- 
ance when the amount of inflammable material is reduced to 
a minimum? The cost of a building is very little more, and the 
interest on the additional investment is usually less than the insur- 
ance premium. 

That the science of reinforced concrete has arrived at that 
state where we can with a certainty declare its adaptability for 
fireproof building construction, is a question beyond a doubt, as 
instanced by the many hundred reinforced concrete buildings 
erected and in use in this country, as well as by the result of 
actual fires that have taken place in such buildings. The writer 
has had to do with one such building where a fire completely 
destroyed the japanning kilns in the upper floor of a building 
without in any way affecting the concrete construction. 

As to the increased cost of reinforced concrete over slow 
burning mill construction, everything else being equal, it varies 
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from ten to thirty per cent., according to the heaviness of the 
construction and the size of the building, also the number of times 
the forms can be reused. 

Some buildings have been erected in which the floor loads 
were such as to preclude the use of heavy yellow pine timbers, as 
the sizes required would have been larger than it is practicable to 
obtain. On the other hand, the use of steel beam girders fire- 
proofed would have added to the cost sufficiently to make the 
composite construction equal the cost of a pure reinforced con- 
crete building. I have designed structures of this class and they 
were erected at a very low cost, in fact, as cheaply as some build- 
ings of slow burning mill construction. 

In addition to the saving on insurance by having a fireproof 
reinforced concrete building, there must be taken into considera- 
tion the effect of wear and tear on the building if of the ordinary 
type; this is especially true where vibrating machinery is used. 
This is the case in a certain leather factory, where the glazing 
machines are situated on the third floor. These machines were 
formerly in an upper story of a brick and joist constructed 
building, and produced so much vibration as to cause alarm to the 
owners, as well as making necessary constant attention to the 
shafting and machinery in the way of adjustment, and conse- 
quently adding considerably to the running expense. In their 
new location, the vibration is absent and the cost of up-keep on 
machinery and shafting is reduced so much as to amount to very 
little compared to the cost in the former building. These consid- 
erations are hard to figure in dollars and cents to determine just 
what the saving would be for every case, but it is one of those 
small leaks in business which make for a large profit-producing 
business as compared with one where profits are scant. 

In comparing the cost of reinforced concrete construction 
with steel construction fireproofed, we find that concrete con- 
struction is cheaper than the steel construction fireproofed. 
Actual bids on the two types of construction for the same build- 
ings obtained reveal some interesting facts. 

For the Ketterlinus building in Philadelphia, which is an 
eight-story and basement building, reinforced concrete was decid- 
edly cheaper by about twenty per cent. and made a much stiffer 
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FIG. I.—-BOYERTOWN BUILDING. CONCRETE CAGE, HIGHEST REINFORCED 
CONCRETE BUILDING IN PHILADELPHIA, 
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building to resist the shocks of the heavy lithographic presses 
in the fifth and sixth stories of the building. This building has 
heavy concrete wall piers on the street fronts veneered with 4 
inches of mottled brick secured with copper ties. There are 
heavy reinforced concrete brackets connecting columns with gird- 
ers and beams, and the floor system consists of deep girders and 
beams spaced about 4 feet 6 inches center to center for beams, the 
slab being 4 inches thick. The column footings are reinforced 
concrete but the interior columns for five stories are of structural 
steel fireproofed. 

Another notable instance of the saving effected by the use of 
reinforced concrete is the Boyertown Building, Philadelphia, 
The owners saved about $60,000 by the skilful use of rein- 
forced concrete for the entire construction, representing a saving 
of about thirty per cent. Fig. 1 shows the character of this 
building; it is ten stories and basement, built of a concrete 
cage having the front veneered with granite in the first story 
and brick and terra cotta in the upper stories. The side walls are 
adjacent to party lines having simple reinforced concrete columns 
spaced about every 8 feet 6 inch centers to carry the floors and 
roof. Those in the basement were set back from the party lines 
sufficiently far to build a continuous reinforced concrete footing 
within the property lines of the building, thus compelling the use 
of heavy reinforced concrete cantilever girders at the first floor 
level to carry the wall columns above ; the load on the end of the 
cantilevers is 385,000 pounds, and the leverage 29 inches. The 
rear wall of the building is carried on cantilevers at each floor, 
due to a recess in the first story of the building for a shipping 
department. These cantilevers are seven feet long, but while 
they are much longer than those carrying the side walls, they 
carry less load since there are cantilevers at each floor on the 
rear, while on the sides they exist only at the first floor level and 
carry nine floors and a roof. These are the heaviest concrete 
cantilevers ever built in Philadelphia, as far as I know. The 
reinforcement used throughout is cold twisted steel rods, except 
the columns in the interior and some of the front wall columns 
where structural steel cores are used. 

Figs. 2 and 3 illustrate buildings of a reinforced concrete 
cage with brick veneer. Fig. 4 shows the application of con- 
crete to a garage with the use of colored tile. 
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A very marked saving was effected by the use of concrete 
over brick for the wall construction of the buildings of the 
Jeanesville Iron Works, erected at Hazleton, Pa. This plant con- 














FIG. 2.—STORE OF SMITH, KLINE AND FRENCH COMPANY, PHILADELPHIA, PA. 
CONCRETE CAGE. BRICK VENEER. 


sists of a machine shop, foundry, pattern and pattern storage 
buildings, power house and office buildings. All walls of these 
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buildings are concrete and are monolithic. Concrete was decided 
upon for use in the walls because it effected a considerable saving 
over brick walls. As the site of the plant was such as to require 














FIG. 3.—WAREHOUSE, PHILADELPHIA, PA. CONCRETE CAGE. BRICK VENEER. 


considerable grading, and there were large quantities of rocks 
or mountain stones on the premises, the problem of bringing the 
ground to grade was most economically met by making the walls 
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of the buildings of concrete. By this arrangement, the con- 
tractor performed the grading without additional cost to the 
owner, using the stones in the concrete walls, making their 
removal unnecessary, and at the same time saving the cost of 
transportation of other materials for the walls. 














FIG. 4.—SOLID REINFORCED CONCRETE GARAGE, ENRICHED WITH COLORED TILE. 
PHILADELPHIA, PA 


Where sanitary precautions and immunity from deteriora- 
tion are the controlling factors, reinforced concrete offers one of 
the best forms of construction; this is exemplified in the new 
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plant of the Crane Ice Cream Company of Philadelphia, in which 
reinforced concrete was decided upon after an extended test to 
determine the action of salt water used in their business on the 
concrete and steel. The preliminary test and the actual use of 
the building for the past three years has demonstrated the fitness 
of reinforced concrete for this type of building. The plant is 
considered ideal, and its cost of construction was below the aver- 
age for reinforced concrete construction. 

To sum up, the cost of reinforced concrete buildings can 
best be considered by classifying them under several headings: 


Ist. Warehouses and manufactories. Cost, 8 to 11 cents per 
cubic foot. 


2d. Stores and loft buildings. Cost, 11 to 17 cents per cubic 
foot. 

3d. Miscellaneous, such as schools and hospitals. Cost, 15 to 
20 cents per cubic foot. 


These costs include the building complete, omitting power, 
heat, light, elevators and decorations or furnishings. The above 
prices are taken from the costs of buildings actually erected. 

While it is customary to give the price per cubic foot, in 
comparing the cost of buildings, I myself do not consider that 
this basis of calculation always gives an accurate cost of a 
building, when the number of square feet of floor space is the 
governing feature. 

For instance, in one building erected from our plans the 
cost per cubic foot was $0.104 or $1.30 per square foot, while 
in another building, of a higher grade, the cost was only $0.092 
per cubic foot, as compared with $o0.104 in the former case 
and $1.36 per square foot as compared with $1.30; the square 
foot price of the latter being higher and the cubic foot price 
lower than in the former case. 


MONOLITHIC CONCRETE WALL BUILDINGS—METH- 
ODS, CONSTRUCTION AND COST. 


By Ropert AIKEN.* 
I 

Man’s first step towards civilization was in the erection of 
a shelter in which to live. 

Wood, stone and brick are the building materials which 
have served as stepping stones and marked the stages of his 
advancement from the cave and the skin tent to the temple and 
the palace. Steel, hollow tile and terra cotta, adjuncts of strength, 
economy and beauty, are of comparatively modern use. 

Now we are upon the threshold of a new era of construc- 
tion, to which the artist, the architect and the mechanic must re- 
adapt themselves 





an era that has just dawned and is appro- 
priately christened “The Age of Concrete.” 

The story of its advent is most patently told in the simple 
statistics of cement consumption, which in 1895 was less than 
a million barrels for the whole United States, but which increased 
to over forty millions (1908), or about half a barrel for every 
man, woman and child in the entire United States. 

Yet with this rapid growth in the production of cement, out- 
rivalling in quantity that of any other material for an equal 
period, our knowledge of the practical uses of concrete is to-day 
about on a par with our knowledge of the application of the 
power of electricity thirty years ago. 

Anything, therefore, which promotes, or even bears upon, 
the more efficient, economical or artistic use of concrete in the 
erection of structures is, or ought to be, of vital interest to 
civilization. 

For all of these reasons, with all of which it aptly com- 
plies, the recent invention of a new mechanical method of erect- 
ing buildings of concrete without the use of forms or false 
work, doing entirely away with the costly, cumbersome practice 
of erecting two walls of wood in order to get one wall of con- 


* Chicago, Ill. 
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crete, is by itself alone an invention of great moment and world- 
wide value, especially in these days of scarce lumber and high- 
priced labor. But added to this are several other improvements, 
less startling, but no less useful and valuable, which intertwine 
with and make more practical, efficient, economical, strong, artis- 
tic and perfect the main idea of the construction of monolithic 
concrete walls. 

Of this perhaps the most lucid description would be to give 
the history of the invention followed by a description of its prac- 
tical application to the construction of buildings. 

The first use of this idea in wall construction was in the 
erection some years ago of a simple straight wall of reinforced 
concrete five inches thick, for a retaining wall. It was con- 
structed flat upon the ground like a sidewalk and raised on one 
edge, and it was tipped into position by a derrick on a prepared 
foundation, where it was anchored by steel rods to buried blocks 
of concrete and became, so far as we know, the first concrete wall 
erected without forms. 

Since then | have improvised and constructed more than half 
a mile of such retaining walls for target abutments at the 
Camp Logan (Illinois) Rifle Range and as many more for several 
other States. 

While this wall was lying upon the ground in process of 
construction the thought occurred to me, while walking over 
it one day, that it would be possible to build the wall of a build- 
ing in this way, leaving the proper openings for doors and win- 
dows, and tip it into place as the side of a house; connecting the 
corners by twisting together the projecting reinforcing rods and 
with an upright mold encase them in concrete. 

This has since been improved by casting a pier on one wall 
with an overhung corner, with which the other wall engages 
when both are in upright position, thus avoiding a discernible 
joint on the outside. An 8-inch board is then braced upright 
against the joint on the inside and wet concrete poured in at 
the top to close the gap over the intertwisted reinforcing rods. 
This 8-inch board is the only false work used in the construction 
of the entire wall. 

After finishing an abutment it was so satisfactory that the 
State of Illinois ordered four barrack buildings, 60 x 8o ft., and a 
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two-story building. Subsequently I built for myself of this 
construction a factory building with a saw-tooth roof, 75 x 8o ft., 
on my farm adjoining Zion City, Ill., for the manufacture of the 
targets and steel target frames. 

The walls of this factory, the first complete building of this 
type of construction, were 14 ft. high. They were cast flat upon 
the ground on a smooth bed of sand prepared for them, then 
tipped into place as previously described. But in this case the 
door frames and window casings were first set in place and the 
concrete wall poured around them, the outer edges of the entire 
wall being formed by 6-inch boards like a concrete sidewalk; the 

















FIG. I.--AMMUNITION AND GUN HOUSE, CAMP LOGAN, ILL. 


wall was then tipped upon the foundation by block and pulley 
derricks and horse power. This crude method, however, pro- 
duced only a single solid wall, which, while considerably water- 
proofed by the trowel finish on its outer surface, was lacking in 
air space and proper qualities for inside plastering. 

The next building was a two-story ammunition and gun 
house for Camp Logan (Fig. 1), requiring floors of concrete and 
air spaced walls. The outer walls for this structure were made 
as above, except that they had the added improvement of window 
and door caps, sills and water table and panel joints troweled 
upon their outer surfaces while still lying flat. 
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The air space was secured by an inner wall made of thin 
panels or slabs of concrete fastened into place and plastered. 
It was at this time that it was suggested that on the sand bed 
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FIG. 3.—DETAIL OF WALL SECTION. 


prepared for casting the wall should be laid strips of wood sunk 
into the surface of the sand bed and studded with projecting nails, 
which nails would be imbedded in the concrete of the wall laid 
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upon them, so that when it was raised it would carry with it 
the wooden uprights projecting from its inner face, upon which 
could then be tacked laths, which, when plastered, would leave an 
air space between the plaster and the concrete. 

This suggestion was improved upon and led to the method 
for producing a double air space concrete. wall finished or orna- 
mented on both surfaces in one complete operation. Moreover, 
this wall is cast upon a tipping table under full mechanical con- 
trol of specially designed lifting jacks, by which two men in an 
hour have lifted the finished side of a building, 76 ft. long, 27 
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FIG. 4.—DETAILS OF CONCRETE CORNICE AT CAMP PERRY, OHIO. 


ft. high and weighing 76 tons, from the prone position in which 
it was poured and set it accurately in place upon its permanent 
foundations, and, in another case, have lifted and set in position 
a wall 140 ft. long without a crack. 

More than a mile of abutment walls and fifteen separate 
structures of one kind and another, in five different States, and, 
up to this time, of one and two stories only, have been reared 
of this construction. 

There is no reason why structures of a dozen or more 
stories in height could not be reared, as it is readily apparent 
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that the entire construction being done within the building line 
we could erect one story, put the floor on above it, and going upon 
that second floor, put up the next story, the next floor, the next 
story, and so on as high or higher than could be done with any 
other form of concrete construction. I say higher because in 
this form of construction we can place our reinforcement more 
accurately and so make the construction stronger and lighter. 
There is no building of false walls bellying out under the weight 
of the concrete pressing against them; no poking down between 
them of the reinforcing rods, which we can lay exactly in place 








FIG. 6.—SETTING UP JACKS FOR THE WALL MOLD. 


as on an open floor; no faults of surface where inefficient or 
careless tamping has failed to fill or bellied out the molds, for 
our outer surface is always face up, readily accessible for any 
desired surface finish or ornamentation. 

Of the buildings that have been erected that which has at- 
tracted the most attention is the Mess Hall at the rifle range, 
Camp Perry, Ohio (see Fig. 2). It is 195 ft. long by 120 ft. 
wide over all, 27 ft. high, divided into two stories of marble 
white concrete surface. Why this particular building should 
have attracted such attention and so much more comment than 
others is not known. It has some features peculiar to itself and 
lacks others equally valuable and successfully used in other 
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buildings. It has plain, single, solid walls, not the double air 
spaced walls which we can make with finished surfaces on both 
sides or ornamented without and within. 

The process of constructing the walls of this building, details 
of which are shown in Figs. 3 and 4, was as follows: 


FIG. 7-—PLACING REINFORCEMENT ON 2 INCHES OF CONCRETE. 





First a platform of 2-in. lumber was laid across steel beams 
supported by jacks (Figs. 5 and 6). The platform was about 
3 ft. from the ground and lay inside the limits of the proposed 
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building. Four-in. boards were set up on the four sides to com- 
plete the form. On the platform were placed the window frames 
and the reinforced concrete cornice, which was molded in 6-ft. 
sections, 3 ft. wide. In this case special ornamental window 
caps were required, and these were cast separately and placed 
in their proper positions on the platform. Then concrete made of 
one part cement, one and a half to two parts sand and four 
parts crushed stone, was poured upon the platform. After 
about 2 ins. of concrete had been laid, twisted steel rods for rein- 
forcements were placed in both directions, 6 ins. apart, as shown 
in Fig. 7, and the balance of the concrete was poured on. The 
wall was made 4 ins. thick. As a facing, a cement mixture of one 
part white cement to one and a half parts white sand was laid 
on the surface, Fig. 8. 

The work was allowed to stand forty-eight hours to give the 
material time to solidify, when preparations for lifting the wall 
to its permanent position were made. This was a comparatively 
simple task, most of the power being furnished bv a 5 horse- 
power engine. It was connected by belting with the shaft under 
the platform operating the jack screws, and slowly the wall was 
tilted into position, Fig. 9. The platform supports were so_ 
placed that the foot of the wall swung to its position on the 
foundation at precisely the right line, and when the wall had 
assumed a vertical position, every line was plumb (Fig. 10). 
Five or six wood props braced to the window frames held 
the wall in position (Fig. 11), and the platform was taken away 
from the back and swung about for the construction of the next 
wall, at right angles to the first (Fig. 1 


2). This operation was 
repeated until all the walls were up. 


The reinforcing rods were 
set to protrude at the edges of the walls, and when all the walls 
were in position, the rods interlocked at the corners of the struc- 
ture. They were twisted together and an 8-in. board, the only 
false work used in the construction, was placed inside the corner. 
Here concrete was poured in, a joint made on the outside corner 
and the two walls thus bound together (Fig. 13). 

As seen in Fig. 2, the mess hall is two stories in height and 
presents the appearance of massive construction. vet each wall 
was molded and set in place in less than three days’ actual work- 


ing time, although they have a height of 26 ft. The interior 
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construction was also of the same material, and here again an 
original plan was followed. Columns 8 ins. square and Io ft. 8 
ins. long were used in connection with girders 15 ft. in length and 
8 by 12 ins. in thickness. Their reinforcement consisted of 16 
\4-in. steel rods to each member. Upon these girders were placed 
the floor slabs 3 ft. wide and 2% ins. thick. Those of the 
first floor are reinforced with '4-in. twisted bars, both ways, 6 ins. 
apart; the second floor slabs have similar reinforcement, 4 ins. 
apart. The slabs were molded in the following manner: On a 
bed of sand four stringers were set, having holes to receive the 
steel rods that protruded about 6 ins. on all sides of the finished 
slab. The concrete was poured in very wet and tamped but little. 
Ten minutes after the first slab was molded a sheet. of heavy 
paper was spread on it, a new form placed on top and a second 
slab rested over the first. When the slabs were completed they 
were left to solidify and did not have to be handled again until 
placed in the floor. 

In the floor the reinforcing bars of the slabs interweave at 
all sides. A board was placed under each joint and concrete 
poured in, forming a perfecting bond. In this, as in all similar 
cases on this work, the hard concrete was thoroughly wet before 
the cement mortar for the joint was applied. With the joint, 
‘ach slab is 42 ins. wide. After the slabs were laid they were 
moistened and a top coat of concrete spread over the entire 
floor, bringing the thickness up to 6 ins. This has been termed 
the unit system of construction, but another method adopted was 
to mold the supports on the ground, then set them in place ac- 
cording to the plan sometimes followed in setting steel columns. 
By the method described no delay ensued in construction, and no 
party of workmen was obliged to wait upon others engaged on 
the building. 

How far this system can be employed in building construc- 
tion is an interesting question. Apparently it could be utilized 
in wall formations of much larger dimensions than those de- 
scribed, provided the adjustable framework for supporting the 
wall is of sufficient strength to give equal resistance to all portions 
of the load while being raised. As the lifting capacity of the 
jack can be increased to meet any weight which may be placed 
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FIG, 10,—REAR VIEW OF WALL IN VERTICAL POSITION. 
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upon it, and the mechanical power can be suited to all the require- 
ments, it would seem as if concrete buildings of much larger 
dimensions could be literally’ molded upon the ground even to 
the ornaments of the exterior and much of the interior frame- 
work, for if a wall is too large to be cast, so to speak, in one 
section, it can be formed in parts and then raised upon its per- 
manent site. 

Where this plan of erection can be successfully accom- 
plished without affecting the strength of wall or putting undue 
stress on the work it possesses many advantages that are apparent 
—not merely in time saving, but in labor saving, also in cur- 
tailing the space usually required in building operations, so valu- 
able in large cities. In the erection of a frame, brick or stone 
structure much of the time required is to lay up the walls piece by 
piece. All of the material must be elevated and transferred to 
the workmen. This represents far more time than that employed 
in the actual labor on the undertaking, while expense of con- 
veying material is a large item of the contract. It is also evident 
that a wall or other portion of a structure can be completed 
more thoroughly when on the ground than from the aerial scaf- 
fold, since it is more accessible and far more men can work upon 
it to advantage, while each can accomplish more than he can by 
the ordinary process. 

The practicability of molding a building on the ground, then 
raising and assembling the compieted structure, is admitted by 
United States .engineers, who have examined the work at Camp 
Perry with the view of employing the method in military service 
and have given it their official approval. Col. O. B. Parsons, 
State Engineer of Ohio, gives his opinion as follows: 


As regards the construction, I would say that I am convinced that 
it is both practical and economical, inasmuch as it does away with an 
untold waste of lumber and admits of a much stronger wall being built 
with less material. Practically all the lumber that is used are the planks 
on which the walls are molded, and they are used over and over without 
being cut or nailed. In constructing a wall in this way the mixture does 
not separate as while being poured from the top of a building, and there 
is also a great advantage in finishing, as one man will finish more than 
a half dozen while on a scaffold, do better work, and there is no trouble 
in bonding, as the surface is put on before the other material is dry. 
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At Camp Perry this plan of erection is being employed in 
another interesting way. A wall for supporting rifle targets was 
included in the plans. It is also formed of concrete, but all of it 
is composed on the’ ground in sections, no less than 130 ft. in 
length. These are, of course, molded upon framework located 
at the site of the wall, which is 10 ft. high and 6 ins. thick. Con- 
sequently when a part of the barrier is set in place it is necessary 
to lift all this mass of concrete at one time, but the system of 
jacks supporting the adjustable framework has been efficient for 
the purpose. 

Figs. 14 and 15 show examples of buildings constructed by 
this method. 

In Chicago, thirty years ago, the building up of a sub- 
division with small cheap houses was a profitable business, but 
the increase in the prices of land, lumber and labor, together 
with the decrease in the quality of the lumber and the labor, 
and the growth of competition, has resulted in a condition where 
the owners of a subdivision have been building houses without 
profit in order to sell their lots. 

On the other hand the high cost of the simplest of houses 
is working hardship on the workingmen. They no longer buy 
houses as they used to do. They rent, and if they do buy a home 
within their means it is of such flimsy structure that when their 
mortgage comes due the house has so deteriorated that it is no 
longer worth the cost of the mortgage. There are many houses 
for sale in Chieago for the cost of the mortgage or less for no 
other reason than material depreciation. 

Now this is what this method of building can do for the 
poor workingman, and in many cases the still poorer owners of 
large tracts of vacant land. 

It will enable us to build a comfortable small house of half 
a dozen rooms at a price well within an ordinary workingman’s 
income, which will not only outlast the period of his installment 
contract and mortgage, but should outlast any house of brick or 
stone and wood ever built, a house on which little or no insurance 
need be carried and which will be in every way a better dwelling, 
more artistic, more comfortable, damp proof and sanitary ; cooler 
in summer, warmer in winter and more economically heated. 
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While it is true that with the limited supply of skilled work- 
ers in concrete and the ready supply of skilled bricklayers, we 


INTERSECTING WALL UNDER CONSTRUCTION. 





I2.—TWO WALLS IN POSITION. 


FIG. 








cannot yet build a single small building of concrete much, if any, 
cheaper than of brick, yet we can compete with brick if we build 
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a number of houses a block at a time by this system. For 
the method enables us to cast a dozen house fronts in our mono- 
lithic wall 300 ft. long and raise them all to their erect position 
in one operation. If these houses are so designed that their rear 
walls are in line, their rear walls can be raised the same way. 








CAMP PERRY MESS HALL. 


I3.—CROSS WALL CONNECTING KITCHEN TO MAIN WALL, JUST RAISED, READY 
TO STRIP OFF WOOD BACKING AND JACKS. 


FIG. 











With the party walls, floors and partitions set in place the con- 
crete roof is but a simple modification of our floor construction, 
or the carpenter can furnish the stairways, doors and floors for 
people who are not yet fond of concrete floors in their living 
rooms and chambers. 
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As for the chimneys, they are cast on the party walls while 
lying flat before raising at a great saving over the cost of a brick 
chimney. 

Such a house necessitates a lot of no greater width than the 
house, but if more yard room is desired the land owner can sub- 
divide into deeper lots. I am subdividing for such houses into 
lots 25 x 200 ft., as against 25 x 125 ft., the ordinary lot size in 
my city. By this means I give each house as much back yard or 
garden room as an ordinary lot of 50 ft. front, which is there 
considered of ample size for any ordinary dwelling in the suburbs. 

I have with me for the inspection of anyone interested in 
this matter a colored sketch of the front elevation of a block 
of twelve such houses, designed by Mr. Samuel M. Crowen, an 
architect of Chicago. 

In the front elevation of the houses he has succeeded in 
departing entirely from imitations of the architectural styles be- 
longing to stone, wood, brick and the old materials, and has 
produced a design artistically adapted to concrete. 

The body of the wall may be natural cement color, of rough 
cast surface, all in one undivided, unpaneled wall, to each house 
front, either smoothed or rock finished in imitation of chiseled or 
uncut stone or blocked out like brick or paneled like wood. 

The window and door caps and trimmings may be of white 
concrete in harmonious contrast with the cement colored body 
wall. The ornaments may be of molded concrete, inlaid orna- 
mental tile, or free-hand plastic work, properly in accord with the 
plastic material it sets off wherein the exact mechanical lines, 
angles, circles and geometrical ornamentation should be omitted. 

This particular feature of Mr. Crowen’s designs is one which 
other architects would do well to take note of, for a concrete 
designer should not attempt imitation of other styles, but initia- 
tion of a style all its own, belonging particularly to and in accord 
with the plastic character of the building material used, the 
only building material of its kind and*soon to be the most com- 
monly used of all. 

These houses are two stories high, 25 ft. wide and 30 ft. 
deep, each has six large rooms, a front hall stairway and bath- 
room, or any similar arrangement of rooms desired by the tenant 
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or buyer. All rooms are lighted by windows looking on the 
street or back yard and there is no cellar nor attic. ‘These houses 
are heated by stove or fireplace, and built in this way should sell 
within a workingman’s income and yet at a good, round old- 
fashioned margin of profit to the builder. 

This block will be built by first erecting the front wall of 
twelve house fronts in one piece, inclusive of coping, cornice 
and gutter at the top and the entire foundation wall at the bot- 
tom, for these houses are going on ground where the rock comes 
within a foot or two of the grass roots. They are so designed 














FIG. 15.—STORE BUILDING, 30X40 FEET, WITH CELLAR, 
NEAR KENOSHA, WIS. 


that the:rear walls for the entire block of twelve houses, 300 
ft. long, is all one wall cast in one piece with its door frames, 
window casings, roof drain and foundation wall before tipped up 
into permanent position. The casting and erection of end walls, 
party walls and partitions is a similar operation, and the concrete 
roof is made after the manner of our floor construction, with 
a waterproof surface troweled on top of it. 

Blocks of houses of the type mentioned for workingmen and 
larger, more ornate and costlier ones for people better off, in the 
same block arrangement, are beyond competition in other build- 
ing material. 
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Naturally, we are glad to give anyone the fullest benefit 
of our information and experience about our method and bring 
nearer that day already approaching with a speed, as modern 
as automobiles and airships, when by our method or some other 
perhaps better, we take the latest great step in civilized structure 
building and make ali buildings of this marvelous new material 
in the use of which artist, architect and artisan alike shall have 
gained the knowledge and skill they now have of the older 
forms, and all our habitations become more beautiful, more sani- 
tary, more economical, more comfortable and more enduring than 
any that the world has ever seen. 











COLD STORAGE WAREHOUSES OF REINFORCED 
CONCRETE CONSTRUCTION. 


By J. P. H. Perry.* 

The purpose of this paper is to present the different methods 
of insulating buildings for cold storage or similar purposes and 
to give also an idea of the adaptability of reinforced concrete 
to this type of structure. Up to the present time there has been 
practically nothing written on the use of reinforced concrete in 
connection with insulation, and there are undoubtedly many pro- 
moters of storage plants who have no proper conception of 
the advantages offered by concrete for buildings of this kind. 

As the necessity for cold storage plants has developed, at- 
tention has been given the insulation question and the materials 
which would fulfill the requirements have been studied. It was 
soon apparent that insulating materials must possess the follow- 
ing properties: Low conductivity, minimum capillary attraction, 
low affinity for moisture, fireproofness, and minimum tendency 
to continue combustion internally after the external flame is 
extinguished. In addition to the above requirements, the in- 
sulating substance must not be such as to pack down readily 
and leave air space at the top of the filled compartment. Further- 
more, the insulation should be durable, cheap and easily installed. 
In considering insulating materials, it must be understood that 
their worst enemy is atmospheric moisture, which must be kept 
out of the construction to obtain permanent satisfactory results. 
In cold storage work artificial conditions are set up. Difference 
in temperature means difference in pressure, and as long as the 
refrigeration is maintained the warm atmosphere is pressing in 
through the walls everywhere. The resistant materials must be 
such as to resist moisture rather than receive it. 

In the early days of artificial refrigeration, which dates back 
not much over forty years, it was the almost universal belief 
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that the most effective insulation consisted of air spaces. It 
was recognized that the easiest way to prevent the circulation 
of the air was by filling the air space with some substance which 
would break it up. Thus in the primitive storage plants. and in 
icehouses the walls were insulated by erecting studs and sheeting 
both sides to produce an inner and an outer wall and filling the 
space between with shavings or sawdust. Floors and ceilings 
were protected in the same manner, the filling material being 
packed between the joists. When it was realized that such a 
deadener (as the filling material is known) would soon collect 
moisture and lose nearly all its efficiency, besides settling and 
leaving free air spaces, the breaking up of the air spaces was 
effected by means of “boards and air spaces” formed by alternate 
sets of furring strips and matched boarding in several layers as 
the temperatures to be maintained required. 

The next step forward in the development of the art of 
insulation was the use of mineral wool. This material is made 
by subjecting molten furnace slag to a steam jet. It is used 
for a filler the same as sawdust and possesses many advantages 
over the earlier materials. It is fireproof and does not tend 
to pack to the same extent. 

Soon after the introduction of mineral wool use was made 
of granulated cork. As a deadener it was light in weight, of 
low conductivity, and with very slight capillary attraction. It 
possessed some tendency to settle and leave free air spaces. 

As the study of the cold storage progressed, a radical change 
was brought about in the theory and practice of the insulation 
installation. Until about ten years ago dead air was the basis 
of all insulation. It became evident that air spaces, even though 
filled with deadening materials, left a great deal to be desired 
in matters of efficiency, durability and safety. The air in the 
spaces was not dead; instead, it circulated through voids in the 
filling material and in so doing carried moisture to all parts of 
the insulation. Even more important in throwing the balance 
against this method of protection were its non-fireproof quali- 
ties. It would be difficult to imagine a more grave fire risk than 
wooden walls filled with sawdust or shavings. Brick buildings 
insulated along the same lines were proved serious fire hazards, 
so much so in fact that the insurance companies were forced in 
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their own protection to make high rates on cold storage plants, 
so numerous were the bad fires in this type of building. 

The modern theory of successful insulation is based upon 
entrapped air, air that is actually dead. This means that the 
air must be in sealed spaces and that the spaces must be minutely 
small, otherwise the essential idea of “still air” is overthrown. 
The insulation must depend for its entrapped air upon the in- 
terstices or cells of the material employed rather than upon 
alternate layers of solid insulation and air spaces. 

This new principle of insulation, which does away with 
double walls with air spaces between, has brought into vogue 
solid insulation. In this type the protection consists of layers 
or blocks of various materials set in Portland or pitch cement 
directly against brick or concrete walls and protected on the inside 
surface by plaster or tile. The space occupied by solid insulation 
is much less than that utilized by the older construction. If a 
fireproof or slow-burning material be used in making the 
insulation, the fire risk is greatly reduced. 

The materials available for this so-called “solid” method of 
insulation are chiefly cork and compressed mineral wool blocks 
called “lith.” 

Cork, by virtue of its natural state and the apparent use 
for which nature intended it, lends itself admirably to insulating 
purposes. In cold storage work cork is efficient as a non-con- 
ductor of heat, is free from capillary attraction and has no 
tendency to absorb moisture freely. When used as cork boards 
it is granulated, compressed in iron molds and baked while under 
pressure, its own natural gum being liquefied by the heat and 
uniting the granules into solid blocks. These have fair structural 
strength and are quite fireproof. 

Lith is made from rock fiber mineral wool and degummed 
flax fiber. In the process of manufacturing the settling pro- 
pensities of the mineral wool are removed and the product given 
structural strength by the degummed flax fiber. The finished 
material is a strong, light, durable board. It consists of many 
minute cells which confine air with the least possible chance 
for circulation. Lith is fairly fireproof, a good non-conductor 
of heat, and compares, when cost is considered, favorably with 


cork board. 
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In discussing the practical application of insulation the dif- 
ferent methods will be considered in detail in their order of use, 
taking up first the wall construction, then considering the floors 
and roofs. 

One of the earliest forms of insulation to be generally 
adopted is shown in Fig. 1. It is still in frequent use, particularly 
for natural ice storage houses. Briefly, the insulation consists 





of constructing a hollow wall with joists about 3 x 12 in. spaced 
24 in. on centers and sheathed on both sides with 7% or I-in. 
boards. Sometimes these are clap-boarded on the outside to 
protect the air space from the weather. Occasionally this is 
not thought necessary. The space between the two sheathings 
is filled with shavings or sawdust, most often the latter. Al- 
though this form of insulation can be installed cheaply and 
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rapidly, it constitutes a grave fire risk, and owing to the tendency 
of the sawdust packing to absorb moisture rapidly, it is not 
permanent. 





*Acknowledgment is made to the Engineering News for the line cuts used in this 
paper. 
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Another method which is similar and yet a little more 
scientific, and which is used to a considerable extent by one of 
the largest firms of meat packers in this country, is shown in 
Fig. 2. A brick or concrete exterior wall is constructed of 
standard thickness. Against this are placed two layers of water- 
proofing paper, then 7%-in. sheathing, preferably tongue-and- 
groove. A 2-in. air space is then formed by 2x 2-in. furring 
strips about 16 in. on centers. On these is nailed another layer 





of %-in. sheathing against which are placed two thicknesses of 
waterproof paper. Then another thickness of 7%-in. sheathing 
against which are placed two thicknesses of waterproof paper. 
Then another thickness of %-in. sheathing, and a second air 
space is formed similar to the first. The alternation of water- 
proof paper, sheathing, air spaces and sheathing is continued to 
the thickness deemed sufficient to hold the storage rooms at the 
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desired temperature. This insulation can be installed cheaply, 
and in some cases has been found to be efficient. The chief 
point against it is the fire risk it creates. Its low initial cost is 
the main argument in its favor. 

The structural details commonly employed in connection 
with installations of mineral wool are shown in Fig. 3. The 
interior bracing wall is generally of plaster blocks or hollow tile 
laid in cement mortar. Owing to the tendency of the packing 
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to settle, unusual care has to be exercised in placing, to prevent 
arch action. 

One way of utilizing the advantages of mineral wool and 
at the same time getting away from its settling has been worked 
out by a large Boston cold storage company. The details are 
shown in Fig. 4. In this installation galvanized iron cans are 
constructed, 2 in. in thickness and just large enough to hold a 
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FIG. 5. 


sheet of mineral wool. These, after being filled, are soldered tight 
and placed in the wall as in any insulating, the cans breaking 
joints and all joints being sealed with Portland cement mortar. 
In this manner the mineral wool is protected from moisture and 
also fron. settling. It would seem, however, that there must 
be a loss through the cans where they join. It is nevertheless 
stated that this form of insnlation is very efficient and that it 
has given satisfaction. Its cost is somewhat higher than the 
other mineral wool installations. 








The structural features employed when ground or granulated 
cork is used are illustrated in Fig. 5. The exterior wall is built 
of concrete, brick or terra cotta, and damp-proofed with any one 
of the legion of waterproofing processes. At a distance dependent 
upon the amount of insulation required, an inner wall of concrete 
or tile is put up and the intervening space filled with ground cork. 
This form of insulation gives high efficiency and has considerable 
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durability. Its cost rather exceeds mineral wool. The chief 
disadvantages are its settling tendencies and its readiness to run 
out of any opening accidentally made in the supporting walls. 
Coming now to solid insulation, the structural details are 
covered in the main by Fig. 6. As already indicated, either sheet 
cork or lith may be used. Against the outer wall of standard 
construction is placed a sheet of cork 2 or 3 in. thick set in 
Portland cement about ™% in. thick. Against this first layer of 
cork the second is applied with another 4% in. cement coat. The 
joints between the cork boards are broken both horizontally and 








FIG, 7.—CEILING INSULATION LAID ON FORMS READY FOR CONCRETING. 


vertically. The inner surface of the insulation is given a 4-in. 
plaster coat with sanitary finish. Generally the inside of the 
building wall is given a waterproof coat before the first cement 
binder is applied. This system is very efficient, is not attacked 
by moisture, is very durable and, generally speaking, fireproof. 
It occupies minimum space. Its disadvantage is its high initial 
cost. 

Figs. 7 and 8 show cork-board insulation being applied to 
ceiling and walls. Fig. 9 gives a construction view of the plant 
of the Merchants’ Ice and Cold Storage Company, Cincinnati, O. 

The question of interior walls and partitions in so far as 
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their insulation is concerned does not present any important 
differences from the exterior wall protection except that the two 
sides of the insulating material are of necessity both of tile or 
block or thin concrete. In the ordinary case the temperatures 
on the opposite sides of interior partitions do not range as wide 
apart as with the enclosing walls of the building. The im- 
portance of properly protecting stair and elevator walls with 
insulated partitions will be discussed later. 





FIG, 8.—PLACING CORK BOARD WALL INSULATION IN PLANT OF THE MERCHANTS’ 
ICE AND COLD STORAGE COMPANY, CINCINNATI, 0. CEILING INSULATION 
IN PLACE, 


The design of the structural portions of cold storage build- 
ings is of prime importance. The usual type of construction 
having walls and floors joining is subject to serious loss at these 
points. The most recent practice in artificial refrigeration build- 
ings erects the frame of the structure independent of the enclos- 
ing walls, which latter are made entirely self-supporting and 
separate from all floorbeams and columns. This scheme in- 
creases the efficiency of the insulation sufficiently to make it 


worth while. Fig. 10 gives roughly the main features to be ob- 
8 
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tained in this design. The curtain wall being self-supporting 
permits carrying the insulation by the face of the interior col- 
umns, beams, girders and slabs, thereby securing continuous 
insulation. The exterior or curtain wall would be tied to the 
structural frame by steel anchors connecting at the floor lines. 
To eliminate as far as possible a loss through these ties, they 
should be wrapped with hair felt or similar material. In any 
event their combined cross sectional area would constitute but 














FIG. 9.—CONSTRUCTION VIEW OF PLANT OF THE MERCHANTS ICE AND COLD 
STORAGE COMPANY, CINCINNATI, 0, 


a very small fraction of one per cent of the total wall surface, 
and their conductivity value would, as compared to the loss 
through I-beams resting on bearing walls, be at a minimum. 
The problem of insulating the conventional type of building 
has been solved as far as the elemental conditions will allow 
by the method shown in Fig. 11. This undoubtedly is the lowest 
in cost. The insulation runs from floor to floor, stopping at 
the underside of the beams and the floor arches. The beams and 
floor, of course, carry on into the wall and cannot be protected. 
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Another and better method is to construct floors only up to the 
inner line of the insulating partition (see Fig. 12). The beams 
and girders rest on the bearing walls or on the wall columns 
or wall girders, with consequent loss, but the insulation prevents 
the entire floor section from conducting to the walls. 

As to whether or not the floors of a cold storage building 
should be insulated is an open question. Some plants are designed 
so that the building is divided into several sections, and the same 
temperature maintained on all floors in any one section. Where 
this idea is followed the individual floors are not insulated. Unless, 
however, some proposition similar to this be adopted, it is es- 
sential that floors be insulated. 

The insulating of the basement floor or ground floor is 
subject to a wide difference of opinion. Some very good author- 
ities claim that unless the room of which the ground floor is 
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the base is to be used as a freezer, it is unnecessary to insulate 
the ground floor other than by a bed of cinders and the concrete 
floor laid on top. As the earth remains practically constant in 
temperature at about 55° Fahr., and is a fairly good conductor 
as well, it would seem that there would be a constant loss un- 
less the floor is insulated with the same care as the walls. It 
seems advisable, therefore, to construct a base floor of 3 in. 
of concrete placed directly on the ground or on a bed of cinders. 
On top of this lay a waterproofing coat and then apply the in- 
sulation, either lith, mineral wool or sheet cork, from 2 to 
6 in. thick, depending on requirements. The insulation should 
be given a mop coat of waterproofing material and covered 
with 5 ins. of concrete with 1 in. of finish. It would be possible to 
use a thinner concrete slab by reinforcing it with a small amount 
of steel. Fig. 13 shows this construction. In most instances 
it would be well to reinforce the ground floor, as the movement 





j 


ee Sp tI 


A Fp ARR A EDIE In BOL CIN I 


RST AEE 














116 Perry ON ConcrETE Cotp SToRAGE WAREHOUSES. 


of heavy hand trucks or the dropping of barrels to the floor 
would tend to crack a plain concrete floor, with resulting loss 
of protection. 

Self-supporting floors where insulation is necessary are 
treated in much the same manner as the ground floor. On the 
reinforced concrete or hollow tile bearing slab is placed from 2 
to 6 in. of lith, mineral wool or sheet cork. (see Fig. 14). This 
should be laid in pitch or some other waterproofing compound 
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to protect it. On top of the insulation is placed the 3-in. con- 
crete floor having 1 in. finish. This top slab is reinforced lightly 
to prevent cracking of any character. Where the insulation con- 
sists of wood and paper, the construction is similar to the walls ; 
only the top concrete is given a wearing surface. 

Where the insulated room comes next to the roof the 


Roof 





FIG. 15. 


practice has been of two general kinds, one using an air chamber 
between the roof and the ceiling of the top story, and the other 
insulating the roof itself. 

The former method is varied in its applications. In some 
installations an attic 3 or 4 ft. high has been built and in others 
a hung ceiling has been specified. With either type the ceiling 
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is insulated with any one of the systems described for protecting 
walls; that is, sawdust, ground cork or mineral wool can be laid 
on the attic or air chamber floor (which is the ceiling of the top 
story room) and protected with a waterproofing coat. Lith or 
cork boards are usually placed in pitch or asphalt and covered 
with asphalt paper. Fig. 15 shows this type of roof protection, 
the detail calling for a specially built-in attic floor. Figs. 16 and 
17 show construction and completed views of plant of the Eastern 
States Refrigerating Company, Hoboken, N. J. 











FIG, 16.—CONSTRUCTION VIEW, SHOWING ATTIC FOR INSULATION OF ROOF, 


The insulating of the roof can be handled by placing the 
insulation directly on the roof construction. In this case the in- 
sulation should be preferably of sheet cork or lith laid in a 
waterproofing substance. On top of the sheet cork is then placed 
from I to 2 in. of concrete as a protection, and then the regular 
roof waterproofing is applied. The only serious objection to 
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laying the insulation directly on the roof is that in event of a 
leak in the roofing developing, the percolation of water would 
spread through the insulating material and show on the ceiling 
at some point, possibly quite a distance from the original leak. 
This would require ripping up a considerable area of the insula- 
tion and roofing in order to locate the break, whereas in the 
hung ceiling method the roof leak could be detected accurately 
and at much less expense than in the former case. 














FIG. 17.—PLANT OF EASTERN STATES REFRIGERATING COMPANY, HOBOKEN, N. Fe 
A TYPICAL COLD STORAGE PLANT. 


Where the temperatures maintained in the rooms in suc- 
cessive stories are not the same, it is necessary to insulate the 
columns, otherwise loss will occur rapidly. This is done in a 
manner similar to the insulation of the walls. The only special 
point to be watched is the joining of the floor and column in- 
sulation so that it is made continuous. 
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When buildings are divided into separate fire risks by fire 
walls, the conduction from one floor risk to the other through 
the continuous floor can best be avoided by carrying each sec- 
tion or risk on its own columns instead of using a common 
column between the two. This adds very little to the cost of 
the building, allows a continuous fill of insulating material between 
each fire risk, and not only prevents conduction through the 
columns but also prevents conduction through the floor by reason 
of the insulation passing by the ends of the beams. This same 
idea applies favorably to the detailing of elevator shafts and 
stair walls. If the framing of these shaftways is exposed, sweat- 
ing or frosting may be expected from each floor. Sufficient 
clearance should be provided, therefore, to allow carrying up 
a separate tile or concrete wall inside the shaft and tied to the 
skeleton of the building as few times as consistent with safety. 
Between this inner partition and the shaft lining itself a con- 
tinuous band of insulation should be provided. 

Fig. 18 shows cold storage warehouse of the J. C. Roth 
Packing Company, Cincinnati, O., of reinforced concrete through- 
out, with hollow tile walls plastered. 

The doors and windows in cold storage plants are a serious 
problem. Of the latter there are generally very few, if any. 
Of doors, however, there are a quite number always necessary. 
Wherever any openings are required in the partitions or in the 
fire walls or from the receiving rooms to the refrigerating cham- 
bers, double fireproof doors have to be insta'led. The under- 
writers have approved making one of these doors a swing re- 
frigerator door covered with galvanized iron or tin, in accord- 
ance with the standard firedoor specifications, and the other door 
an ordinary fireproof door held open with a fusible link. The 
best types of refrigerator doors have two seals of contact be- 
tween the door and the frame. Self-tightening fasteners and 
adjustable spring hinges keep the door tight, making an air- 
tight opening, which tends to prevent the spread of fire or the 
loss of refrigeration through the joints. The doors themselves 
are hollow, the sides being of wood metal-covered, with an in- 
sulating material filling the air space (see Fig. 19). 

The cold storage building windows are designed along the 
same lines as the doors. The glazing consists of as many 
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FIG. 18.—COLD STORAGE WAREHOUSE OF Ic Ge 


CINNATI, 0. REINFORCED CONCRETE THROUGHOUT, WITH HOLLOW TILE 
WALLS PLASTERED. 





ROTH PACKING COMPANY, CIN- 
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thicknesses as conditions require. All the glass is nested in 
one sash, which is hung with adjustable spring hinges and held 
closed by a special fastener. The outside thickness of glass is 
generally reinforced with wire. The double seals of contact 
make an efficient joint. 

One of the main topics of discussion on this subject of 
insulation of cold storage buildings is the question of fireproofness 
and the conditions which attract the interest of the underwriters 
and influence their verdict as expressed in the rates they are 
willing to quote. On cold storage buildings with solid insulation, 
fireproofed skeleton, and concrete or brick walls, the fire risk 
is at a minimum. As noted at the beginning of this paper, the 
insurance companies have been obliged to be very severe on the 
ordinary cold storage proposition because in the early day with 
wood walls and filled air spaces ideal fire conditions were estab- 
lished. In the more modern buildings, even, it was felt that 














FIG 19. 


the insulation increased the fire hazard owing possibly to the op- 
portunity offered a fire to smolder in the walls. But with the best 
up-to-date practice the insulation is really a help in making the 
properly-designed cold storage building more fireproof. There 
are instances on record where cork board and similar insulating 
materials have withstood severe fires in a manner to compare 
favorably with terra cotta. The insulation, from the very reason 
for its existence, prevents heat from reaching the walls. In 
several fires it has been found that so little heat passed through 
the insulation to the walls that they were unimpaired. In 
other cases slow-burning constructions, with their heat-resistant 
insulation, have confined to single rooms fires which in the usual 
type of building would have spread from cellar to roof and 
gutted the structure. 

The question of the relative efficiency of the different in- 
sulating materials is too complex and the information which can 
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be obtained is too partisan in source and character to permit of 
much being said about it in the limits of this paper. There is 
praiseworthy laboratory work being done at several of the great 
technical schools and one company engaged in the manufacture 
of an insulating material maintains in Pittsburg an experimental 
station which is carrying on investigations of value. 

The majority of cold-storage plants up to the present time 
have been built of brick or stone, with structural steel frames 
and terra cotta or brick floors. There are, however, a consider- 
able number of artificial refrigeration establishments in which 
reinforced concrete has played an important structural part. 
These are the more modern ones. Concrete success is apparent 
when such an authority in the refrigerating world as Mr. John 
E. Starr, of New York City, states that “another point may be 
mentioned which shows the great stability of reinforced concrete 
construction for beams, girders . . . floors. In the house 
- . . . at St. Paul the construction of the concrete work 
was commenced in the fall and continued through the winter . . . 
The refrigeration was turned on in hot weather, and the first 
floors refrigerated were in the center of the building at very low 
temperatures, ranging from zero to -5° and up to 35°. It will 
readily be seen that under these conditions the building was 
subjected to the most severe strains that could be conceived of 
in the way of expansion and contraction, and yet there was not 
a sign of a flaw or a crack in any column, girder, beam or floor, 
and this on a comparatively green building, which, of course, is 
growing stronger every day.” When a statement such as this 
is made, the availability and the advantages of reinforced con- 
crete for such construction may be considered as well established. 

In addition to the ability of concrete to withstand the crack- 
ing which putting a building into a state of refrigeration sets 
. up, its fireproof and waterproof qualities must be admitted; and 
the elimination of vibration in a reinforced concrete mill building, 
even under the most severe machinery movements, must have 
some bearing on the possibility of this material being best for cold- 
storage plants when vibration means unsettling insulation, crack- 
ing waterproofing and doing similar other damage. Taking into 
account also the load-sustaining properties of concrete, which 
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it is almost unnecessary to mention to those who know the 
substance at all, and regarding with a critical eye its permanence, 
which means elimination of repairs and maintenance charges, 
the unbeliever must acknowledge that reinforced concrete cer- 
tainly is entitled to trial for cold-storage structures. 

That it has been used in face of the sharp competition it has 
had to meet is due to the readiness with which it meets all 
specifications and the economy it effects when compared with 
other fireproof structures. Reinforced concrete buildings of 
reasonable size, that is, costing $60,000 and upward, can be and 
actually have been erected at costs running from 10 to 20 per 
cent. lower than the best bid received for steel construction on 
the same plans. On medium propositions concrete will not ex- 
ceed first-class mill construction by more than Io per cent., and 
in several instances where the estimated cost of the building has 
run over $150,000, the figures submitted by the concrete con- 
tractors have been slightly lower than those of the mill con- 
struction men. 

For special construction necessitating long spans, irregular 
column spacing, unusually heavy loads, curtain walls, or like 
unique features, concrete is particularly well adapted, and under 
just such conditions has proved itself time and time again. 

The insurance question, which is so much mooted among 
the cold-storage interests, has direct bearing on the use of re- 
inforced concrete. Baltimore and San Francisco tested con- 
crete and found it good. Individual fires like those in the 
-acific Coast Borax Co.’s building in Bayonne, N. J., the Huyler 
Co.’s factory in New York City, and the Dayton Motor Car 
Works at Dayton, Ohio, showed the material under most trying 
fire conditions and demonstrated that the keen-sighted insurance 
men as typified by the Mutual companies are conservative when 
they offer to write the lowest rates on concrete buildings that 
have ever been written on similar structures, and still more so 
when they urge the adoption of reinforced concrete for all in- 
dustrial buildings. 

Table I is presented with the idea that it may be useful to 
reinforced concrete engineers and contractors in dealing with 
prospective builders of cold storage plants to refer to buildings 
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already constructed of concrete. In addition to the buildings 
cited there are probably twice as many cold storage plants having 
concrete floors. 

The writer of this paper extends his acknowledgments for 
valuable assistance in preparing the same to Mr. H. E. Plumer, 
C. E., contracting engineer, Turner Construction Co.; Mr. Junius 
H. Stone, manager of the Nonpareil Cork Works; Mr. John 
E. Starr, M. Am. Soc. Refrig. Eng.; Mr. Van Rensaeller H. 
Greene, chief engineer of the Manhattan Cold Storage plant; 
Jones Cold Storage Door Co.; U. S. Mineral Wool Co.; Union 
Fibre Co., and to a number of prominent reinforced concrete 
construction companies. 














Mr. Perry. 


DISCUSSION. 


Mr. J. P. H. Perry.—On the occasion of a recent visit to 
Pompeii something particularly interesting along the line of 
insulation came to my notice. In the Stabian Baths in Pompeii, 
which date from the Oscan period and are certainly in their 
present shape nineteen hundred years old,—Pompeii having 
been covered with ashes A. D. 73,—the caldarium or hot room 
is insulated in a manner quite similar to present practice in this 
country. The hot room is about 50 ft. long, 20 ft. wide, with 
a barrel arch ceiling. The construction consists of tufa block 
walls about 2 ft. thick. Against the inside of these walls 
were laid up terra cotta blocks about 1% ins. thick and from 
8 to 10 ins, square: Projecting from one side of these blocks 
is a knob about 2 ins. long. By means of these projections the 
blocks are kept at a distance of about 2 ins. from the outside 
wall, thus producing a dead air space. Next to this layer of 
terra cotta is a % in. thickness of plaster, and against this is 
about a 2% or 3 in. coat of finish plaster on which the mural 
decorations are painted. With this construction extending com- 
pletely around the room,—that is, under the floor, up the walls, 
and over the ceiling,—there is obtained a remarkably good insu- 
lation—the thick exterior masonry wall, then the 2 in. air space 
followed by 1% in. terra cotta and % in. of plaster, and, lastly, 
in a separate course, the 2% or 3 in. finish plaster. This latter 
thickness is laid up with about % in. space between it and the 
3% in. rough plaster next to the terra cotta. It was particularly 
interesting to find that in Pompeii two thousand years ago the art 
of maintaining artificial temperatures was as well understood 
as the baths thus described would indicate. 
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EVOLUTION OF REINFORCEMENT FOR CONCRETE. 


3y Harry F. Porrer.* 


ee 
~ 


There are always three stages in the development of an indus- 
try. First, the pioneer stage—this is characterized by uncertainty, 
speculation and experimentation. The confidence born of exact 
knowledge and long experience is lacking, means and methods are 
crude and independable, and results follow only application of 
considerable nerve and persistence ; hence construction is tedious, 
complicated, long-drawn-out, and therefore unduly costly. Prog- 
ress is, in addition, retarded by ignorance, misrepresentation, ultra- 
conservation and prejudice. In the reinforced concrete industry 
this period occupied the last quarter of the nineteenth century, 
and may practically be considered to have terminated with the 
advent of the new century. Its leading spirits were men like 
Monier and Hennibeque abroad and Ransome in this country. 
They blazed the way. Attesting their efforts are many notable 
and enduring structures and devices and methods that together 
will constitute an everlasting monument. 

Then comes the second stage in the development—the awak- 
ening! The demonstration has been made, and lo! in a night, 
almost, the intelligence sweeps like wild-fire over a country, 
leaving in its wake a wild, blind fervor of enthusiasm. It is on 
every tongue. Bold pilots of progress proclaim its mighty merits 
far and wide and prophesy in glowing terms its wonderful por- 
tent. Then genius camps on the trail, and behold! almost over 
night a multitude of mushroom ideas materialize—devices and 
appliances, systems and methods, without end, all intended and 
claiming to meet the needs of the infant of so much promise. 
Naturally enough, each and every scheme put forward is “the 
only one satisfactorily meeting the conditions, not to say the best 
and cheapest on the market.” In the merry mélée of exploitation 
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of rival products that follows, fame, favor, and fortune run ram- 
pant, and reputations and solvency are wrecked on the shoals of 
inexperience. If such is the general experience, it is even more 
true of the cement industry in all its departments, for no industry 
in the history of the world has ever showed so extraordinary a 
development in so short a space of time. This second stage, too, 
is already on its last legs—let us give thanks! But we are all 
familiar, some of us to our sorrow, with its flashy, flimsy, falla- 
cious features. 

We come now to the third and final stage, in the evolution 
towards the ideal—when out of the medley of experience, experi- 
mentation, and analysis, there emerges saner, safer, and sounder 
modi operandi, like order out of chaos. This is the period of 
simplification, systemization, and standardization. ‘Such was the 
history of structural steel construction, and such is morally cer- 
tain to be the history of this newest building material. Indeed, 
already—so rapid has been the rate of change of men and methods 
in this modern age of miracles—we find the tide setting in strongly 
towards this final period all along the line. In every branch of the 
cement and allied or dependent industries, we find the balance 
swinging to a level—in the one pan are simplicity and system, in 
the other efficiency and economy. As in all matters in which the 
hand of the human meddles, first all is a jumble and a maze, then 
gradually, as the principles underlying begin to be discerned, the 
snarls are untangled, the rubbish cleared out, and the bubbles of 
speculation exploded. 

Let us for a moment glance at what has taken place in rein- 
forced concrete construction. Formerly, a concrete job resembled 
nothing so much as a “Tower of Babel” jumble—all was confusion 
and uproar by reason of the unskilled, unintelligent workers it 
was necessary to employ, because the very newness of the con- 
struction precluded the availability of skilled workmen. Few had 
the necessary courage to tackle, on any scale at all, reinforced 
concrete construction in those days. Little wonder conservatism 
looked on askance, and deep-seated prejudice was inrooted, which 
we are laboring now to remove and for which prime purpose 
organizations like the “National Association of Cement Users” 
came into existence. 
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To-day, partly as the fruit of this educational campaign and 
partly by natural order of progress towards better things, we find 
a far different state of affairs. Order is replacing confusion, and 
assurance suspicion—the young tree has weathered the fury of 
the elements and is waxing into stout, healthy maturity. Rein- 
forced concrete is fast becoming known to the world as a safe, 
satisfactory, and economical material out of which to build our 
engineering structures, and, moreover, possessing points of merit 
that recommend it above and beyond any other material. 

In this paper we will consider the development of one item 
only—the steel reinforcement, which is, however, relatively speak- 
ing, the backbone of the construction. Formerly, and in many 
localities to-day, in which ignorance still dominates, no attempt 
was made to insure accuracy in the placing of the reinforcement. 
All was left to the intelligence of the workman, a quality generally 
conspicuous by its absence. Result? Confused and tedious instal- 
lation, general sloppiness, ruinous waste of time and materials, 
unsightly workmanship, excessive cost, and worst of all, dire 
calamities. A formidable array of charges against “loose-bar” 
installation, you say; but it is only the indictment of slovenly and 
haphazard wherever and whenever found. Specifications, to-day, 
that permit of these practices—‘‘any old way good enough, so 
long as the theoretical amount of steel is provided’”—are crimi- 
nally negligent. - Let me quote from a specification which is as it 
should be: 

“All steel to be of best quality made from original billets 
and in strict accordance with the regulation standard for struc- 
tural steel. It shall be free from all scale and laminations 
and defects endangering the strength of the material. It shall 
also be free from all dirt, oil, and rust pocks, although a slight 
film of rust is permissible. The ultimate strength shall not be 
less than four times the safe unit stress used, and the elastic limit 
less than two and a half times. 

“All reinforcement to be properly fabricated and supported 
in position, so that all parts shall remain in true relation and 
alignment until locked in the setting concrete. 

“All tensile stresses, theoretical and practical, that may occur 
in the structure and any of its parts shall be fully and properly 
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provided for by steel reinforcement. In general the reinforce- 
ment shall run as continuously as possible throughout the struc- 
ture, and full development of every piece provided by suitable 
end-anchorage and lapping. 

“Diagonal tension in beams to be cared for completely by 
diagonal reinforcement, either a part of or rigidly attached to the 
main reinforcement. In the slabs, these stresses and the negative 
stresses shall be cared for, simultaneously with the positive 
stresses, by elevating a sufficient number of the bars across the 
supports, providing in effect a catenary curve reinforcement. 

“Vertical tension to be cared for by vertical loops of steel, 
passing around the lower horizontal bars and extending well up 
into the compression flange in which they shall be well anchored. 
These loops or stirrups shall be spaced not farther apart than the 
effective depth of the member and at progressively diminishing 
intervals towards the supports. In case of T-beams vertical stir- 
rups are necessary to guard against possible separation of the rib 
from the slab along the plane of junction and to insure the full 
and proper development of the T-action. 

“All placing of reinforcement shall be done before under- 
taking to concrete, so that in amount and position it may be easily 
and fully checked before any concrete is deposited; conversely, 
no steel shall be left to be placed while the concreting is in prog- 
ress. ; 

“In slabs and walls, if bars be used, cross or shrinkage bars 
shall be provided at proper intervals, the intersections securely 
wired or clamped, and the bars properly and securely spaced and 
supported in position, prior to any concreting,” ete. 

This is almost the exact counterpart in letter, and identical 
in spirit, of a specification from which a large number of impor- 
tant structures have been erected in and around Philadelphia, and 
in Toronto, Canada. It should be apparent to all that they are 
couched in no mistaken or mistakable terms—they were written to 
exclude the use of the criminal “loose-bar” methods, or rather 
un-methods, and to compel the use of a superior unit frame fabri- 
cation, either field or shop assembled. 

In considering the evolution of concrete reinforcement, we 
have a two-edged guide—efficiency and economy. When these 
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walk hand in hand, then we have the ideal. We have satisfied the 
criterion, “the best for the least money.” 

There have been many frames on the market which have been 
efficient, so far as taking care of the stresses theoretically and 
practically is concerned, but all have. had a hard struggle for exist- 
ence because of their excessive cost. In the run of competition— 
the survival of the fittest—they have one after another fallen by 
the wayside. To really master the situation, it has seemed neces- 
sary to provide a unit frame at no greater cost than the far less 
efficient “loose-bar’’ methods. This is an error of judgment which 
only experience can correct. Judged by the bound-to-be incom- 
plete and faulty cost keeping records of “‘loose-bar”’ installations, 
unit frames will never equal this requirement. Weighed in the 
balance with the value in dollars and cents of greater accuracy, 
greater confidence, and greater speed of construction, not to men- 
tion the saving possible by the leeway in calculation afforded and 
the reduction in inspection necessary, unit frames are even now 
more economical. This fact will ultimately lead to the universal 
adoption of unit frames, either shop or field fabricated. It will 
be a happy day indeed, for those who have the highest good of 
the industry at heart, when “loose-bar’” methods are forever a 
thing of the past. 

Under the heading “unit frames,” there are ordinarily three 
general types—field fabricated, shop fabricated, and “trussed” 
bars. Let us consider their respective qualities in the order 
named. Field built frames areas the name signifies assem- 
bled at the site of the work, the raw materials coming direct 
from the mill, and all bending, trussing, wiring and fabricating 
being done right on the spot. If the work be carefully executed— 
bends correctly made and wiring properly done—and_ proper 
means are taken to maintain the reinforcement in correct position, 
the field-fabricated method may be very successful; but from the 
very nature of things, it is a tedious, unscientific and expensive 
mode of procedure. It cannot claim to be “efficient” in the full 
and proper sense of the word, and is at the best only a make- 
shift. It involves too great a waste of time and money on pre- 
liminary and minor details, and introduces too many chances for 
error of both carelessness and ignorance, to withstand final elim- 
ination. 
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Secondly—the “Shop-built Unit Frame,” in its original form, 
is now obsolete, although in modified and improved form it is 
still on the market. It died a natural death—not because it 
did not fulfil the requirements of safety, but because it was alike 
too cumbersome and costly. There were other objections—more 
incidental and trivial than vital. It was good but not good 
enough. To those who are not familiar with this type of frame, 
I will explain that it was built on the same lines as the field-built 
systems, but all mechanical work and assembling was done in 
the factory; wiring was likewise eliminated, all affixing being 
accomplished by use of metal clamps. The frame went to the 
job a complete unit ready for placing. A vital disadvantage of 
this and all similar frames is the space required in shipping, with 
consequential undue expense for transportation and handling in 
all the operations preliminary to final disposition. Another dis- 
advantage is the difficulty and expense of altering or remedying 
mistakes after the frames have once left the factory. 

We come now to the third general type—that combining the 
minor reinforcing members to the main members in the process 
of manufacture, either by rigid attachment through the natural 
fibres of the material or by mechanical clamping or by electric 
welding. This type has met with a wide usage and is still a 
favorite in many quarters. For many purposes—such as isolated, 
rectangular sections freely supported—it is almost ideal; but 
it is not and cannot be a sovereign panacea for all the troubles 
of the reinforced concrete constructor. Especially in building 
construction, where practically all beams are T-sections, and it 
becomes very necessary to have a positive metai bond between 
the rib and the superimposed slab that forms an integral part of 
the member, such reinforcement is of itself inadequate. It is then 
good practice, if not an absolute essential, to have through the 
medium of vertical stirrups a positive tie between the horizontal 
reinforcement below and the slab reinforcement above. If instal- 
lation were in every instance to be monolithic—that is, if soffit 
and slab were to be always poured in immediate sequence—it 
would perhaps not be so essential. But the reverse is the rule, so 
that it does become for practical reasons indispensable. It is 
mostly for this reason that the building codes of many of our 

















PORTER ON REINFORCEMENT FOR CONCRETE. 133 


municipalities, particularly Philadelphia, require the presence oi 
vertical stirrups the entire length of the beam, spaced not further 
apart than the effective depth of the member. No type of rein- 
forcement dependent for the development of the proper action, 
that is, the correct distribution of stresses, on the inconsequential 
grip of a thin fin of steel in a few square inches of compression 
concrete, can without availing itself of auxiliary devices that 
mean extra expense, satisfy this condition. Moreover, in the 
simplest cases, this type of reinforcement cannot in cost compete 
with field fabricated methods, involving no special, patented sec- 
tions. 

What I wish especially to place before you for your enlight- 
enment and consideration, because it has grown partly out of the 
writer’s individual experience and he is therefore well posted to 
tell about it, is another type of unit frame, which is, roughly 
speaking, a cross between the first two types. In other words, 
it is partly shop and partly field fabrication. It is a system 
devised to fulfil the requirements of the kind of specification 
afore quoted most economically. As the outgrowth of practical 
experience whose guiding star was the two-fold ideal of efficiency 
and economy, it embodies the simplest principles and is adapted 
to the widest range of choice in materials. Thus, it may be con- 
fined to plain bars alone; it may be confined to deformed bars; 
it may use both kinds in combination; and finally either or both 
may be used in combination with a mesh for slab reinforcement. 
Its gauge is thus broad and generous enough to take care of all 
conditions and tastes. It has in the past year and a half entered 
into the construction of upwards of fifty structures of note, aggre- 
gating in value over $10,000,000. 

This unit is shop built in so far as all mechanical work neces- 
sary is done in the factory. It is a field-built system in the respect 
that the actual assembling into a frame is done right on the job 
—indeed right in the molds, so that the material is kept in simplest 
possible form for ready and economical handling until the very 
last moment. No attempt is made to fabricate the heavy and 
light elements of the reinforcement into an unwieldy cage in the 
factory. The stirrups alone are fabricated into a frame of itself. 
This stirrup frame, on account of the pivotal action allowed by a 
special form of spring wire clamp employed in attaching each 
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stirrup to a longitudinal or frame bar at each bend of the stirrup, 
may be collapsed for ready and compact handling from the 
instant it leaves the factory until it is desired to place it in its 
final resting place. It is then pulled into upright position again, 
regaining its original form exactly, and dropped into the molds. 
The upper ends of all stirrups being formed into a hook of special 
design, the whole frame comes to rest in the mold in exactly the 
proper position, constituting a saddle in which the main reinforce- 
ment is placed and maintained in position. Little metal separa- 
tors are employed in addition to hold the bars in proper position 
relative to one another and the stirrups. 


As to the use of the “frame bars’”—which make the frame 
a possibility—the upper pair, catching on the under side of the 





FIG, I.—BEAM REINFORCEMENT READY FOR CONCRETING, 


hook of the stirrups, furms in effect anchors to increase and dis- 
tribute the grip of the stirrups in the compression flange, thus 
materially stiffening the beam. They also serve as shrinkage 
bars for the slab, and, to many engineers who deem the presence 
of some steel necessary in the upper fibres, a useful part of the 
reinforcing system. Furthermore, they serve the additional and 
very useful purpose of providing support for the slab bars as they 
cross the beams, compelling them to assume to all practical pur- 
poses a catenary curve. This fulfils another requirement of the 
specifications before quoted. By occasionally—every three or 
four bars—passing a bar underneath the frame bars a further 
enhancement of the tie between the rib and slab is had. The 
lower pair of frame bars, in addition to spacing and holding the 
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stirrups at the bottom, as the upper frame bars do at the top, 
serve as fireproofing bars to the main steel, from which they are 
separated by the thickness of the stirrup stock. Obviously, in a 
severe enough fire to spall the concrete on the under face of the 
beam these would interrupt the checking to a large extent, per- 
forming a function similar to that of the bars on the under side 
of a fireproof steel beam. Moreover, their tensile strength may 





FIG. 2.——INTERSECTION OF COLUMN, GIRDER AND BEAM 
REINFORCEMENT. 


be utilized if needed. Ordinarily inconsequent for this purpose 
because of their small diameter—'% inch or 5/16 inch—by using 
a larger section an addition to the workable tensile area may be 
realized which affords a very convenient margin of adjustment. 

There is thus practically no excess material used, nor any 
wiring with its expensive hand-labor required. By the use of a 
few simple spring wire clips, inexpensive alike for the making 
and for the attaching, the whole thing is made possible while 
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adding but a fraction to the total cost based on the total ton- 
nage. All mechanical work being performed in the factory 
where the well known economies of factory production may be 
realized, the cost is less than for any field-built methods of perhaps 
equal efficiency. All cutting of material for stirrups being made 
from coils, the waste item incident to field making of the stirrups 
is eliminated, and all bending of same being done by automatic 
machines, another important saving is realized over field making. 
Mistakes may be easily rectified in the field. Inspection is easy. 
Installation is both easy, rapid and cheap, and last but not least 
a very superior construction all around results, which under the 
requirements of the present building laws, develops extraordinary 
efficiency. The same principle is applied to column reinforce- 
ment, both rectangular and spiral, with equally good results, and 
by the use of similar spring wire clips and spring wire stcol lock 
spacers the problem of spacing and supporting the slab and wall 
reinforcement is as simply, efficiently and economically met. In 
the writer’s experience he has found this system cheaper than 
loose-bars and infinitely more satisfactory 

A comparison of costs for loose bar and unit system installa- 
tion is as follows: 


ANALYSIS OF COST OF LOOSE-BAR INSTALLATION 
BUILDING CONSTRUCTION, 


PE roa sk Sains Ji ne 0 va per ton $30.00 
Freight from mill to siding ...... “i 2.00 
Hauling to site of work .......... 1.00 to $2.00 


Allowance for sizes below base . 1.00 to 2.00 


ee Oe ao, ss 50d on eee $34.00 to $36.00 
IR UR oR tr oe Visiechsoceces baauieca 1.00 
Bending RE ya REZ AE a Pe ) 200 to 5.00 
RE. aa ia ok Shs 08S LEWES oe CAS if 
$37.00 to $41.00 
Ets kh be V¥Ss 0c bens sd0006 5680000 1.00 
Siete necd cbs aciscsbecsseescevesess 5.00 to 10.00 
TE IE ENS oie cs os sincececcecia $43.00 to $51.00 
PN OE WINIED «5s sdcc ccs esccesces 50 to 1.00 
Final total cost in place.............. $43.50 to $52.00 
TR ak vie wns eb aseeesct 34.00 to 36.00 
Cost of installation, per ton......,... $0.50 to $16.00 Average $12.75 
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To this must be added an amount to compensate for the in- 
creased cost of the total operation due to the delay and con- 
fusion incident to every loose-bar installation. For example, the 
cost of placing the concrete alone may easly be increased 100 
per cent. by the interference had. In order to place concrete 
efficiently and economically, it is necessary to have the fullest 
and freest hand possible once the operation is begun. This is 
only possible when all steel is in correct position and provision 
made to maintain it there during the succeeding operations be- 
fore undertaking to concrete. With a loose-bar or semi-loose- 
bar installation, this is never possible. In case reinforcement is 
placed beforehand and well supported and wired, we have in 
effect a unit reinforcement which allows us to concrete to full- 
est advantage. Cost of such supporting and wiring, if thoroughly 
done, will average $5 per ton. The total charge for steel in 
place, above cost delivered on job, will then average between 
$15 and $20 per ton. 

Contrast these figures and facts with those of a unit in- 
stallation. 


ANALYSIS OF COST FOR UNIT FRAME INSTALLATION, 


Se fener eee CU 
IIT 23.5 thgikis Bie cin bw odin eae ane eat nS 2.00 
Hauling to site 1.00 to $2.00 














Dy Be Se do sare Dae ei ao aes Meee lates eee $33.00 to $34.00 
Total cost of fabricating metal (includes assembling of 
stirrup frame, trussing of bars, and all accessories)... 5.00 to 8.00 
Seitay Oe ROP GO WOU S kas diowinn 8 cnn icncineaa semen $38.00 to $42.00 
Handling charges, receipt on job until ready to place 
in molds (includes racking and hoisting)............ $1.00 to $2.00 
RE OER oko igs cae bo vant ohne een ce Mined 1.00 to 2.00 
ID IN i. vas coke bad da on ve cvanbenceacssaee 38.00 to 42.00 
Total cost in place .........cecccccsccscccccesscss $40.00 to $46.00 
Average price per ton in place, for base of $30.00...... $43.00 
a i ae CS hin ove u cece ws ct 05k be bedeheeeEs 33.50 
Cost of installation per ton.................+.00eeeeeee. §$9.50( Average) 


Total cost above base, average per ton..,....... 500 yee 13.00 
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It will be observed that in this case the cost for unit system 
that fulfils all the requirements of efficiency, is less than the cost 
of a loose-bar installation. Weighed in the balance with reduced 
cost of total operation due to facility and speed of operation made 
possible it is far cheaper. Consider the reduction in all sizes pos- 
sible by reason of the greater accuracy guaranteed and the ad- 
vantage is still greater. Engineers aware of the inaccuracy of 
loose-bar methods allow, or should, a very material factor of 
carelessness when these are to be used. Assured of careful, 
accurate installation—as is the assurance with a unit fabrica- 
tion—they may very well reduce the total cost, by closer calcu- 
lation, from 10 to 20 per cent. While they do not at present, 
the building regulations are bound in due course to recognize 
this superiority by a suitable allowance in favor of unit systems. 





























CONCRETE APPLIED TO DWELLING HOUSE 
CONSTRUCTION. 


sy Ross F. Tucker,* M. Am. Soc. C. E. 


The next step in the extension of the use of concrete will 
be its adaptation to the construction of dwellings. With the 
army of block machines that are on the market and the great 
quantity of output from these machines, the bulk of which goes 
into dwellings, the step above-mentioned has already been in a 
manner taken, although in the writer’s opinion, the technique of 
the method of manufacture to which many block makers are 
restricted, renders it difficult to manufacture a wholly satisfac- 
tory product. The percentage of water used in mixing will 
not sufficiently lubricate the aggregates to produce the greatest 
possible density and strength. All the ramming and tamping 
in the world, all the pressure that can be exerted by hydraulics 
or otherwise will not compressa dry, poorly-made concrete into 
a dense, water-tight block. The particles of aggregate arch 
themselves and cannot be forced to fill the corners and _ inter- 
stices without sufficient water to allow the faces and surfaces 
of the aggregate to slip on one another. 

It is curious that so many people have taken to block-making 
as if there were something new about it. Artificial stone was 
made thirty years ago, and in a manner similar to the block 
machine method of to-day, and the resultant product had many 
of the defects of these later productions—a soft, absorbent, 
spongy mass, of low compressing strength, requiring all sorts 
of treatments to make it waterproof. The whole practice is 
wrong, and the only difference between the old method and that 
of to-day lies in the numerous mechanical devices, which, with 
greater or less ingenuity, reduce the labor and mold cost to a 
minimum. All walls built of such material must be so con- 
structed as to avoid the dampness that such concrete must neces- 
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sarily acquire, and the very softness of the stone precludes any 
surface treatment that can be called interesting or satisfying in 
any degree. 

All concrete, to be strong and sound, must be wet concrete, 
far too wet to be delivered from its mold for considerable 
periods of time. The best artificial stone made in this country 
to-day is manufactured in Boston by the wet process. The selec- 
tion of aggregates, together with intelligent mixing, secures 
results that in the finished product, are astonishing and are not 
attained by any process block machine yet devised. 

Again, solid wall construction is very limited in its appli- 
cation to dwelling house work. While we have about solved 
the problem of the mill and factory building, both structurally 
and economically in reinforced concrete, the same cannot be 
said at all of dwelling houses. In the mill and factory structure 
we have a relatively large amount of concrete as compared 
with the lumber and labor involved in the making of the forms, 
whereas, in the dwelling house, with the cut-up surfaces and 
irregular openings, the ratio of the cost of forms to the con- 
crete is out of all proportion and places concrete practically out 
of the running in comparison with other material. Moreover, 
the internal stresses, particularly the shrinkage of concrete in 
mass, are such that the walls are almost sure to crack. They 
_ must be furred or an air space formed, otherwise they will be 
damp and extremely unsatisfactory. In the fall and spring there 
is a likelihood of condensation on the inside of an uninsulated 
concrete wall, and, last of all, it is a difficult matter to give a 
solid wall any architectural treatment that can be called satis- 
factory, except at a very considerable expense. 

The wooden house is, of course, highly inflammable and 
should be only built as a last resort. Such a house covered with 
metal lath and furred has some excellent architectural possi- 
bilities, but when well-built, will not be found to be cheaper than 
a rough brick wall, for the frame must be sheathed, papered, 
metal furred and lathed and covered with scratch coat of 
mortar before it is in condition to receive the stucco. This will 
be found to approximate closely the cost of brick work. Much 
has been said about the faults of stucco work, but like many 
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another failure in the use of concrete, they are traceable to the 
ignorance of the user rather than to the fault of the material. 
Stucco has been greatly abused but it will do good service every 
time if properly made and applied. I have placed ornamental 
stucco on the exterior of a power house on the St. Lawrence 
River, on tile, brick and lath surfaces where it has been subjected 
to a yearly range of 120 degree temperature for ten years, and 
it is as good to-day as when applied, although the plastering 
on the inside, made exactly the same way, of the same material, 
came off in pieces a yard square on the same walls within two 
months after it was applied. 

Stucco should be made of selected material, not of dirty, 
clayey bank sand. There are great possibilities in the future 
of stucco when properly handled. But for this development 
must come a cheap wall. The writer had occasion to make a 
study of this problem of a cheap wall construction for stucco 
application for the late Stanford White, who, had he lived, would 
have taken some steps to show what could be done in decora- 
tive stucco. But all existing methods have been too expensive 
and we must devise a cheap dry wall before we can make mate- 
rial progress in dwelling house work. The terra cotta wall is 
a relatively cheap wall, but its lack of fire-resisting qualities, its 
tremendous expansion under heat, make it a dangerous wall, 
unless insulated and protected. The nearest approach to the 
ideal wall for concrete dwelling houses seems to have been 
worked out through the method of placing wet concrete into 
steam jacketed molds and rapidly hardening it by a controllable 
heat. This method has proven economical and seems to have 
solved the problem of handling wet concrete and producing a 
dense, strong building unit at a very low cost. Considerable 
building has already been done with these blocks, and the devel- 
opment will be watched with great interest. With such a wall, 
the extension and possibilities of concrete decoration are unlim- 
ited and the future will give us fireproof homes of high struc- 
tural and architectural value at low cost. The method is so 
simple, the requirements of skilled labor are so greatly reduced, 
that houses of concrete, fireproof throughout, may be constructed 
at a price to compare favorably with wood, and upon the walls 
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may be produced a great variety of color and texture effects, 
in stuccos made of many materials, enlivened with masses of 
color in Faience and Mosaic, that give the architect great oppor- 
tunity for the exercise of his artistic abilities. It will create a 
school of design adapted to the material and be productive of a 
style of dwelling possessing individuality and character com- 
bined with durability and permanency such as we know little 
of thus far in our suburban architecture. 

















WATERPROOFING—VARIOUS APPLICATIONS AND 
COMPARATIVE COSTS. 


3y T. HucuH BoorMaAn.* 


a 





In 1874 I imported of J. B. White & Brothers, 400 barrels 
of Portland cement and considered it a big consignment, and the 
same year laid for the City of Boston a few hundred feet of 
sidewalk, which my partner, Mr. Henry Taylor, of London, 
christened “Hydrolithic” pavement. Who in those days could 
have foreseen the tremendous industries which would be evolved 
through the use of Portland cement? The business now is col- 
ossal, employing outside the factories, thousands of skilled arti- 
sans, hundreds of able civil engineers and rendering possible 
the erection of buildings and structures which our fast dimin- 
ishing supply of timber could not be depended upon to furnish 
to an adequate degree. Single buildings are now erected at a 
cost which would a quarter of a century-ago have built a fair- 
sized city. This century has, indeed, been ushered in by improve- 
ments in construction beyond the wildest dreams of my youth, 
and with this great volume of work has arisen the call for spec- 
ialists in all lines of construction. 

Let us consider the possible damage sustained through mis- 
takes in rendering buildings waterproof; fire annihilates millions 
of dollars of property annually, a dead loss to the community 
which can never be replaced; how much material is annually 
ruined by water and dampness? Also an irreparable loss. It is 
as necessary to protect a building at the foundation from water 
as at the roof, therefore the question of waterproofing cannot be 
too thoroughly considered. 

I will call attention to various methods and applications of 
material and would like such free and open discussion as may 
tend to enlighten us as to possible improvements on a question 
of which there is yet much to be learned. I am in most hearty 





* Civic Engineer, Philadelphia, Pa. 
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sympathy with the statement made by Mr. Myron H. Lewis, in 
his address on waterproofing read before the Engineers’ Club 
of Philadelphia, June 6, 1908, that architects and engineers 
have often false impressions as to the immunity of structures 
from water penetration, and with a view of keeping down the 
cost, have chosen to look upon the important item of waterproof- 
ing as a superfluity. 

Unfortunately, those engaged in the waterproofing business 
are usually practical men, with but little desire to give to the 
public the benefit of their experience, and the narrow policy 
hitherto followed by a large proportion of them has been not 
only narrow but obstructional in its results. Narrow, because 
each concern has arrogated to itself a monopoly of the only suc- 
cessful methods of waterproofing known, and not even content 
with this, they have taken the untenable position of disparaging 
and even denouncing as worthless the methods and materials 
of their competitors. Narrow also, because some of them have 
put forward their own materials and methods as infallible cures 
for all possible conditions, and make other extravagant and 
impossible claims, which instead of inspiring confidence and 
attracting support are rather calculated to awaken suspicion and 
distrust in the mind of the intelligent and critical purchaser. 
We have long been accustomed to see printed in public adver- 
tisements that this or that compound is the only permanent and 
efficient waterproofing material known. And we have seen this 
statement so often that skepticism has developed into downright 
unbelief. We all of us realize that no individual firm enjoys a 
monopoly of the materials which nature has supplied us with; 
and that to such a firm only is given the power to produce a 
material that is permanent and efficient. In my opinion, such a 
policy could only react upon the industry in general, by causing © 
a loss of confidence in the entire scheme, and as a consequence, 
bring confusion and loss upon the people who had hoped to 
benefit by it. 

I shall define existing waterproofing methods under three 
heads,—Hot, Cold and Dry. The first applies to all methods 
embracing the use of asphalts and pitch, which have to be 
heated on the work. The second system in which liquid or plastic 
materials are applied without heating, and the third to the system 
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of mixing material with the cement to make the same waterproof 
in its various uses. 


Hor MeruHobp. 


3ituminous waterproofing, that is, combinations of asphalt 
and pitch with felt burlap and duck are used with the greatest 
variations in the materials, from the high-grade asphalt to the 
cheap coal tar pitch. The widest known method of waterproof- 
ing masonry and concrete has been the application of some form 
of bitumen. There are a number of difficulties encountered in 
this method, owing to the physical properties of the bitumen 
used, which could be summarized as follows: 

1. If the waterproofing layer is made from a hard asphalt 
fluxed back to proper consistency with an oil, the oil is gradually 
absorbed by the concrete and the bitumen becomes hard and 
crumbles. 

2. If the waterproofing is made by dissolving the bitumen 
in a volatile solvent with a dryer, so that it may be applied cold 
like a paint, it is difficult, if not impossible, to prepare a paint 
of this character that will dry to the right consistency and then 
stop. The usual result is that the drying or hardening continues 
until it reaches a point where it is destroyed by its own contract- 
ing and the waterproofing is gone. 

3. Another difficulty is that the bituminous matter used, such 
as coal tar pitch, is so susceptible to variations of temperature 
that in warm weather it has a tendency to flow, and in cold 
weather it becomes hard and very brittle; either condition being 
fatal to successful waterproofing. 

To meet these and other difficulties a tough asphalt product 
of refined petroleum has been introduced in many specifications. 
It contains no oil or flux but is homogeneous throughout. The 
fact that it is maintained at a temperature of 500 degrees F. 
for several days in the process of manufacture is sufficient assur- 
ance that it contains no volatile matter. It will withstand the 
widest range of temperature conditions. At o degrees.F. it is 
tough and pliable and shows no tendency to crack, while at 150 
degrees it is still tough and firm. It does not flow under 250 
degrees F, 
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Such asphalt is not affected by acids or chemicals and will 
not deteriorate. This is determined by coating glass with a thin 
film of the material, and submitting the coated glass to such con- 
ditions or chemicals as might cause deterioration, and after 
several months the film of asphalt is scraped off, made into a 
block and tested to see if deterioration has taken place. 

As to the practical application of this asphalt where the 
surface to be waterproofed is smooth and free from voids, the 
material, after first being melted, can be swabbed on like a paint, 
four coats giving a layer about one-quarter of an inch thick. 

The asphalt may be applied in this way with alternate 
layers of asphalt and felt. In this case there should be at least 
one-quarter inch layer of felt so that in case of rupture to the 
waterproofing coat, there may be sufficient material in each layer 
to press across the rupture and enable the waterproofing to be 
self-healing. Where the surface to be waterproofed is rough 
the first layer of asphalt should be applied by placing wooden 
forms at the proper distance and filling the forms with the 
melted asphalt. The forms should be lined with paper to prevent 
the asphalt from sticking. After the material has cooled, the 
forms may be removed and used again. In this way the asphalt 
penetrates all the voids in the wall and is not in danger of being 
ruptured by pressure. After this is done asphalt may be applied, 
or alternate layers of asphalt and felt, until the desired thickness 
of the waterproofing coat is reached. 

Owing to the rubbery nature of such asphalt when used in 
joints of concrete work it not only renders them waterproof 
but compensates for the contraction and expansion of the con- 
crete. It has been very successfully used in this way in govern- 
ment fortifications and in the dry docks at the Philadelphia Navy 
Yard, also in the large filter beds of the City of Reading, Pa. 

The specifications for waterproofing of the bridges in the 
District of Columbia, prepared by the Engineers of the Baltimore 
and Ohio R. R. in connection with the Engineers of the Pennsyl- 
vania R. R. and the Engineers of the District of Columbia, read 
generally about as follows: 


After the concrete surface has been thoroughly cleaned of all dust 
and debris, it should be painted with a soft tar, heated to a fluid condi- 
tion, and immediately covered with a layer of medium weight water- 
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proofing felt. The felt should be applied to the tar while hot, to insure 
its adhesion and should be beaten with heavy wooden spatules to press 
it completely to and into the tar coat. In laying the felt, all joints, ends 
and laps should be painted with hot tar for a distance of 4 ins. back 
from the edges and the succeeding and adjoining layer should lap not 
less than 4 ins. over and onto the previously laid material. 

After the felt is laid it should be immediately swabbed all over with 
a coat of hot tar, care being taken at the joints in the felt to see that 
they are perfectly sealed. When this work is completed the principal 
body of waterproofing should be applied. This should be pure asphalt 
with petroleum base. 

The asphalt having a penetration on Dow’s machine of 69 D C 
standard at a temperature of 77 degrees F. or of the softness of the 
material used on the work of the Baltimore and Ohio R. R., should be 
heated to a temperature of between 300 and 350 deg. F. in kettles de- 
signed for the purpose located as close to the work as practicable in 
order to retain as much heat in transporting in buckets as possible. This 
heat should be derived from cord wood, and while heating the asphalt 
should be constantly agitated or stirred to prevent cooking or scorching. 

When the asphalt has been heated to proper condition of fluidity, 
it should be drawn from the heating kettle into buckets for transporting 
it to the place of final deposit in the work. 

In order to prevent the asphalt from flowing over a greater area than 
it is possible to completely cover to the required thickness in a single 
pouring from the kettles, a bulk-head or confining strip of dressed wood 
2 by 4 in. in section, long enough to permit wedging at the girders, 
should be placed and coated with plastic clay, to prevent the asphalt from 
sticking to the wood. This strip should be tightly wedged, it being re- 
membered that, when hot, asphalt has the characteristics of a heavy fluid. 
In joining a new bed to one already made and hardened by temperature 
reduction, care should be taken to see that every particle of clay or 
other foreign matter is removed, and that the joint is solid and firm, so 
that good adhesion can be had at the surface of contact. 

If the transmission of heat from the newly poured material at the 
joints. is insufficient to make adhesion to the cold surface perfect, a 
heavy hot asphalt smoothing tool should be skillfully passed over about 
four inches of the upper surface, adjacent to the joint, heating the mate- 
rials until they become plastic, and the joint is perfectly sealed. The 
asphalt should be laid in two layers. The first one, as described above, 
should be about one-quarter inch in depth, and covered when hot with 
No. 33 silver finish wire mesh 12x 12 to the square inch, care being taken 
to lap well at joints. 

The second course of asphalt should be prepared and applied as 
described in the first course, poured in confined areas, to a depth ef % in., 
and while hot covered with a layer of heavy, openly woven canvas or 
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burlap, the asphalt being forced through the weavings in the material 
by pressing the canvas into the hot asphalt and the canvas should be 
painted with a heavy swab coat of asphalt—this coat should cover every 
part of the canvas and close every joint and opening. In all this work, 
care should be taken in every operation to get perfect adhesion and close 
sealed joints. The waterproofing layer is now about 0.90 in. in thick- 
ness over the floor generally, but at the sides adjoining the girders, etc., 
the asphalt should have an increased thickness of about 114 ins. at con- 
tact points and for a distance of 4 ins. away from it. This can be accom- 
plished by the use of 2x4 in. pine strips, heretofore mentioned, properly 
placed and braced. 

Before pouring this material, however, the steel at contact joint should 
be freed from paint, oil, grease, etc., so that the asphalt will stick; also, 
just before pouring, the steel should be heated with a gasoline torch, and 
as this joint is one of the most important in the work, too much care 
cannot be taken to insure perfect work. 


I recently noticed a piece of waterproofing in connection 
with the track elevation, Philadelphia and Reading Railway in 
the City of Philadelphia, that was especially interesting to me, 
and no doubt, it will prove equally so to any railway engineer. 

The bridge floors are of the trough type, the depth of the 
trough varying according to the span—6, 12 and 24 ins. The 
method consists, first, in grading the trough from either end to 
a central point by means of 1-3-6 concrete. At the same time 
a concrete flashing is placed against the sides of the steel girders 
extending up to the base of rail. After the concrete had been 
dry the entire surface of the concrete, as well as all exposed steel 
below base of rail, was painted with a concrete filler (pure asphalt 
reduced to the consistency of paint); the above work all being 
preliminary to the waterproofing proper, which consists of 
European Rock Asphalt, American Pure Bitumen 220 degrees 
melting point and mineral aggregate. The exact proportions 
of the mixture* I am not able to give you at this time. The 
bottoms, sides and tops of the troughs were completely covered 
with the waterproofing, as above described, the thickness on the 





* Note.—Mr. Samuel Tobias Wagner, Assistant Engineer, Philadelphia and Reading 
Railway, supplies the following additional information: 

The concrete floor covering consisted of pure asphalt reduced to the consistency of 
paint by means of 62 Baumé naphtha. The proportions of the rock asphalt mastic are as 
follows. 

Imported Rock Asphalt, 60 parts; Refined Asphalt, 10 parts; clean, sharp grit and 
sand to pass sieve of 8 meshes, 30 parts.—Eb. 
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sides and top of trough being 114 ins., and the bottom of the 
trough 1 in. The trough has a 1% in. drain pipe in the center 
which empties into a U-shaped steel gutter supported from the 
under side of the bridge floor. The water is taken from the 
gutter by means of downspouts at the columns. The general 
appearance of the work is creditable, and I have been informed 
that the results, so far, are highly satisfactory. 


CoL_p METHop. 


The cold process or application of cold asphalt materials 
covers the use of four distinct manufactured articles. 

1. Material for protecting interior walls from dampness. 

These are impervious compounds in which water resisting 
agents are scientifically combined; these are so prepared as to 
interpose a firm bond between the plaster and the inner face of 
brick or stone walls, over which the compound makes an impene- 
trable film, continuous from cellar floor to roof beams. It, 
therefore, intercepts all dampness from the outer walls. It pre- 
vents moisture from penetrating the outer walls to the plaster, 
and thus preserves the latter from damp stains. It serves every 
purpose for which furring and lathing are used. It makes an 
inseparable bond between the plaster and the brick or stone wall 
to which it is applied. 

With such a dampproof coating there is no further need 
of furring, which while designed as an insulating medium, 
becomes in time a source whence germs are developed, a harbor 
for vermin and not infrequently a hiding place for smouldering 
fires. 

It checks the exudation of salts in fireproof tiled walls 
which would otherwise discolor the plaster. 

2. A colorless compound which seals the surface of the 
outer wall against water and atmospheric moisture, and can be 
applied to the finest stone and fronts without marring the archi- 
tectural effects of color in the building. 

Driving rains and atmospheric moisture if allowed to expend 
themselves upon exterior masonry walls, stone, brick or concrete 
and mortar, must suffer in a way to seriously affect the dura- 
bility of the building, Even though the inner walls be secured 
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from dampness by a waterproof coating, the unrestrained action 
of rainstorms and atmospheric moisture on the outer walls will 
hasten decay of the masonry, although the inner walls may them- 
selves remain dry. The salts in the masonry, stimulated into 
action by dampness, exude and burst out in the disfigurement 
known as efflorescence, which is not only unsightly, but destruc- 
tive, since efflorescence in itself, becomes in time a generator 
of dampness. 

It prevents the exudation of salts in the masonry, thereby 
checking efflorescence. It is not a surface coating, such as might 
of itself be at the mercy of the elements. It is a liquid, pene- 
trating in character, and entering the pores of the masonry, it 
impregnates and fills it with an indestructible substance, to the 
absolute exclusion of moisture. It is colorless, so that the exte- 
rior surface of the building gives no evidence of its appearance. 

Among its various uses are protecting parapet walls from 
rainstorms; waterproofing swimming pools, silos and under- 
writers’ tanks, and making leaky walls watertight. 

3. The stain-proofing compound, for stain-proofing marble, 
granite and limestone. To preserve the original delicacy of col- 
oring in light-colored stones, one of the first, and most necessary 
precautions to be taken is to exclude all dampness from the stone. 
This can only be done by the application of a compound which 
effectually closes the pores and prevents the percolation of damp- 
ness or moisture through the no molecules of the granite, marble 
or other stone. 

It takes the place of the so-called non-staining cements which 
are not always stainless. It has all the properties required for 
this purpose, and can be safely substituted for the so-called 
non-staining cements. Besides its greater efficacy in preventing 
the discoloration of the stone because of its resistance to damp- 
ness, it also counteracts the injurious influences of chemical 
action from the surrounding masonry. 

4. The heavy asphalt cold compound for damp-proofing 
substructures. This has all the properties requisite for providing 
a watertight foundation. In many features it is bituminous, 
plastic and elastic. It is used either alone or in conjunction 
with felt saturated with asphalt, or with burlap, and is applied 
to underground masonry, vault arches, etc. 
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Applied cold instead of hot, it does not set instantly, there- 
fore much easier to apply than hot pitch. The work can be done 
by an ordinary laborer, care rather than skill being required in 
its handling. All walls that are to be waterproofed must first 
be made dry, and if concrete walls, they must have been allowed 
to thoroughly set. It preserves the original strength of the 
foundation wall by maintaining them dry. 


Dry MEeErTHop. 


Dry waterproofing is the method of adding a waterproof 
compound to the hydraulic cement mixture. Concrete has a ten- 
dency to “soak.” The question of eliminating this defect is a 
matter of selection. The integral method has these points in its 
favor: simplicity in method, economy in price, certainty in re- 
sults. A simple, effective and economical compound for obtaining 
a dry concrete is to add a waterproof compound to the mixture. 
This method will be found exceedingly adaptable when the pur- 
pose is either to waterproof the concrete throughout, or to pro- 
vide a cement mortar which will serve as a waterproof facing. 
The high degree of efficiency to which a waterproofing compound 
of this character can be brought when developed on scientific, 
which really means practical, lines is exemplified in such com- 
pounds. 

The dry method accomplishes the waterproofing of cement 
mortar and concrete by acting chemically upon the constituents 
of the body into which it enters. By this chemical activity it 
becomes an integral part of the mass, and the water-resisting 
property it infuses thereinto is not merely for a time, but it 
lasts as long as the material into which it enters. The com- 
pounds will neither affect the strength of the concrete nor its 
final setting. The uses to which it may be put in construction 
work are many. The following suggestions as to treatment 
under various conditions will bring the best results. 

Reinforced Concrete: Where concrete is improperly made 
there may be produced a porous concrete of poor quality and a 
number of methods have been proposed to improve the condi- 
tion of the concrete; among others, the use of dry waterproof 
compounds for incorporation in a sand mortar, which is applied 
as a coating to the exposed surface of the concrete. 
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Stucco: In this form of construction metal lath is used as 
a base and where concrete is improperly applied there is a pos- 
sible danger of corrosion through moisture which may find its 
way to the imbedded steel. The use of a waterproofing com- 
pound for the exterior plastering is resorted to as a means of 
excluding dampness and also to improve the appearance of the 
wall by preventing the soaked surface which sometimes follows 
in the wake of a rain storm. 

Sub-Structural Work: The waterproofing of the sub-struc- 
tural walls of a building is a matter that is commanding a great 
deal of attention, and among the many methods the writer 
believes the plastering of walls with a cement mortar in which 
has been incorporated a dry waterproofing compound, is by far 
the best. Such a coating should be applied to the inside of the 
walls before the floor is laid, so that it will extend below the 
level of the floor line. The floor itself should be a supplemental 
layer of waterproof mortar. 

Cement floors are usually laid in two parts: the lower, a 
stone or cinder concrete to serve as a foundation, the upper 
bed is composed of cement and sand, troweled to a smooth finish. 
To obtain a watertight floor, it is only necessary to add the 
waterproofing compound to the cement used. 

Comparative Advantages: As compared with other methods 
of waterproofing structural work, the integral method has these 
points in its favor: first, its simplicity; it requires no excavation 
or sheet piling, as the waterproof course is installed on the inside 
instead of the outside of the walls. Second, its convenience ; 
the walls can be waterproofed during one operation applied to 
one slab after the walls are erected, no necessity of waiting for 
masons or of making connections with a hidden damp course. 
Third, its accessibility, with the waterproof course on the inside 
of the wall, in the event of a leak, the latter can be readily 
repaired. 

Artificial Stone: Cement blocks, as they are usually called, 
can be waterproofed throughout, if so desired, or they may be 
merely faced with mortar which has been waterproofed with 
these compounds. 

Reservoirs, etc.: Concrete structures designed for retaining 
water can be made proof against leakage or inflow, by a coating 
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of cement mortar with which a compound has been mixed. The 
method previously prescribed for the treatment of sides and 
floors of sub-structures will be applicable to this purpose. In 
this class are included tanks, swimming pools, silos and the like. 
General Directions for Using Dry Compounds: The water- 
proofing of concrete or cement mortar with a compound is a 
simple matter, as the following directions will show: 
1. Add compound to dry Portland cement. 
Mix these two materials thoroughly. 
Add damp sand, using the desired proportions and again 


WN 


mix. 

4. Add the quantity of water required for the mixture. 

In making a waterproof mortar for facing walls of sub- 
structures, reservoirs, swimming pools, concrete water containers 
of every description, reinforced concrete, concrete blocks, stuc- 
coed fronts, the quantity of compound used is generally about 
2 per cent. of the Portland cement used. For waterproofing 
concrete blocks when compound is to be used incorporated in 
the mixture, from 1 to 1% per cent. is generally used. 

Covering Capacity and Cost: The average conditions require 
that the quantity of compound should equal 2 per cent. of the 
Portland cement, 0. 8 lbs. compound to each bbl. of the cement. 
At the rate of 12 cts. per lb. the cost, therefore, of waterproof- 
ing one bbl. of Portland cement with compound would be be 96 
cts. The areas which one bbl. of Portland cement in various 
mixtures will cover, and also the cost of waterproofing cement 
mortar per 100 sq. ft. are set forth in the following table: 
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This is the only pro-forma cost of waterproofing that I 
can make at all definitely. 

As this paper was originally intended to be mostly devoted 
to this question of cost, I must ask your indulgence for the 
paucity of the knowledge available. The fact is that in all 
the processes dwelt upon, except the integral process, the work 
of waterproofing is done by special contractors, and the cost 
varies largely, being dependent upon materials used, specifica- 
tions adopted and location and size of work. 

About a quarter of a century ago, cellar work in New 
York, Boston, Providence, and other large cities, where build- 
ings were erected subject to heavy tide pressure, the contracts 
were almost invariably given to one of three or four concerns 
who made a specialty of guaranteeing “watertight cellars,” and 
for such work they obtained from one dollar up to a dollar and 
a quarter per sq. ft. This would seem a large sum in these 
days, but the guarantee often meant costly outlays and the 
actual cost of some of the work exceeded those amounts. 

The average cost of coal-tar, pitch and ielt coating would 
be about 6 cts. per sq. ft., and asphalt and burlap about 9 cts. 
per sq. ft. With heavy thickness of rock asphalt, the cost 
would run to 20 cts. per sq. ft., but, as stated, the cost is so 
problematical that estimates should be obtained from respon- 
sible contractors, who are prepared to build on their own speci- 
fications for the different lines of waterproofing construction 
best suited for varying contingencies and surroundings, 























METHODS OF ATTACHING SHAFTING AND 
MACHINERY IN REINFORCED 
CONCRETE BUILDINGS. 


By Wm. M. BaicLey, M. Am. Soc. C. E.* 


_— 





The manner of attaching shaft hangers, pipes and machinery 
to beams and floors in a factory or mill building of the reinforced 
concrete type is a detail of considerable importance, so much so 
in fact, that often if no satisfactory scheme is explained to the 
owner he will not consider the use of reinforced concrete beams 
in his proposed building. In the ordinary mill-construction factory 
with wooden or steel floor beams there is no special difficulty in 
attaching hangers for shafting and pipes or fastening machinery 
to the beams and floors in any desired location without the neces- 
sity of previous plans and at a minimum cost. In a concrete 
building however the conditions are entirely different and it is 
much better to adopt some scheme for the installation of the 
machinery, piping, etc., before the building is constructed, if we 
wish to obtain the best results in all respects. 


SHAFt HANGER SUPPORTS. 


Appliances for conveniently supporting hangers for pipes 
and shafting and for supporting motors and other machinery from 
the beams and ceiling probably require more previous planning 
and careful selection than is necessary for other phases of this 
subject. The method recommended by the engineer and adopted 
for use in a reinforced concrete building should be one designed 
to best meet all the requirements, so far as can be known, of the 
building and its later equipment. It should be inexpensive, com- 
pact and simple in form, with not too many separate parts, and 
as flexible as possible to accommodate future changes in the line 
of shafting, additions or improved machinery, etc. 





* Chief Engineer, Eastern Concrete Construction Company, Boston, Mass, 
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The author has endeavored to collect and present the different 
systems which are used by specialists in concrete construction. 

One of the most common methods employed is to attach a 
hard pine timber to the under side of the concrete beam. This 
may be of any desired length, to which the shaft hangers are 
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bolted or lag-screwed in their exact position as shown in Fig. 1.* 
The timber can be secured to the bottom of the beams by bolts 
built into the concrete about 4 ft. on centers with a projecting 
threaded end and nut below, or by the use of sockets, inserts, 
sleeves and washer nuts imbedded in the concrete, into which the 
timber pieces are afterwards fastened. If the bolts are used, care 





*Acknowledgment is made to Concrete Engineering for the cuts in this paper.—Ep. 














| 








BaiLey oN ConcrETE Factory BUuILpIiNcs. 157 


should be taken to set and keep them vertical, also have them 
thoroughly anchored into the upper part of the beams. 
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FIG, 2. 








Fig. 2 illustrates the long bolt with saddles and check nuts 
to hold it in position, which is quite essential. It is seldom that 





Nertcal Section % .de Elevation and Section 


Fic. 3. 


all the bolts projecting from the bottom of the beam are made 
use of and where not used they present an unsightly appearance, 
hence sockets or sleeves and washer nuts are often preferable. 
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These can be kept in correct position with less trouble, are about 
of the same cost and surely make a neater looking job. 
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In Fig. 3 we have the Unit socket, the well known insert for 
concrete work. This device serves also as a support and spacer 
for the beam rods, keeping them all properly spaced from each 
other and from the beam box or centering. Fig. 4 represents a 
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FIG, 4a. 
socket sometimes used. It is made of a short piece of wrought 


iron pipe tapped out on the inside to receive a lag screw or bolt. 
Holes are drilled near the top, through which a '%-in. rod or 
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stirrup is placed which should extend well up into the concrete. 
The socket itself is temporarily held in position before the con- 
crete is placed by setting it over a wooden plug nailed to the 
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centering. The stirrups are not easily kept in an upright position. 
For this reason this socket is not altogether satisfactory. 





The socket shown in Fig. 5 is made of cast or malleable iron 
with a flanged top which serves to anchor it into the concrete. A 
vertical stirrup should be used with this socket if it is placed in 





























ofan open 

Foo Cee cmececs coeees eee ee eng 
e ‘ 
H ' 
tt re | ‘ 
T ' 
i! ' 

ek , oe 





Side Elevation 





























Plan 


FIG. 7. 


a beam and is intended to support much load. If used as shown 
in the sketch it also acts as a support for the rods. 
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The Bigelow socket shown in Fig. 6 can be made use of for 
almost all supports in reinforced concrete work. It is a malleable 
casting made in many sizes, can be anchored as securely in the 
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FIG. 8. 


concrete as may be necessary by the use of stirrups and is more 
or less adjustable. 
Another form of adjustable socket or insert, for use in beams 
principally, is shown in Fig. 7. These castings are made in con- 
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FIG. 9. 


venient lengths and are set on the forms for centering before the 
concrete is placed. The slot in the bottom makes it possible to 
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place hangers or bolts at any desired location along the length 
of the insert. 

Fig. 1 illustrates the use of large washer nuts imbedded in the 
upper part of the concrete beam, usually about 4 ft. on centers. 
These are temporarily held in position by a thin iron tube resting 








on the centering and by a bolt projecting through the hole in the 
bottom of the beam box. The washer nut is tightened down to 
the top of the tube which secures it firmly in an upright position. 
When the beam boxes or centering are taken down the bolts are 
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FIGS. II AND 12. 


easily unscrewed from the nut, leaving a clean passage through 
the concrete to the nut above, to which can be attached timber or 
iron stringers, on to which the shaft hangers can be fastened in 
the ordinary manner, 

Figs. 8 and 9 illustrate two other methods used for attaching 
shaft hangers and machinery to beams. With either of these 
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schemes the shaft hangers or other fittings can be bolted or 
clamped to the concrete structure without the use of wood 
timbers or iron bolsters if so desired. The method shown in Fig. 
9 is one that was adopted by the United Shoe Machinery Com- 
pany in its extensive shops at Beverly, Mass. 

Another method is suggested in Fig. 10, which can be made 
a strong and serviceable support for motors and machinery. 

Other systems which have been used quite extensively by the 
Turner Construction Company, New York, are illustrated in 
Figs. 11 and 12. 

When a bolt is used through the beam near the top a metal 
sleeve with a wooden core is concreted around to form the hole. 
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FIG, 13.—METHODS USED FOR SLABS BETWEEN BEAMS. 


These openings also permit the passage of pipes and wires. Large 
holes left in certain parts of beams and girders might cause weak- 
ness in the compressive side of the member. If so, an iron pipe 
sleeve of sufficient thickness should be used. It is rather difficult 
to always locate the holes through the beams during construc- 
tion to conform exactly with future changes. Therefore, the sys- 
tem using the hooked hanger bolt in the side of the beam is more 
satisfactory and is the one adopted for use in the building of the 
Gair Publishing Company, Brooklyn. If the holes for the hook 
bolts are cut with a pneumatic drill it can be done at a nominal 
cost. 
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WIRES AND SPRINKLERS FOR SUPPORTS. 


Blocks of wood are often set in the under side of concrete 
slabs to which are fastened wires and small sized pipes and wire 
conduits. This is not considered a suitable or permanent sup- 
port. It is much better practice to use either expansion bolts or 
locate and place adjustable sockets and inserts in the concrete 
work. Often the conduits for wires are placed on the centering 
and imbedded in the concrete slabs. If the pipes are not too 
large and are located with due regard to the reinforcing metal 
there is no serious objection to this method. Piping for sprinklers 
is generally planned before the concrete work is started. It is 





FIG. I4.-—-GENERAL VIEW OF SHAFTING. 


therefore a simple matter to place inserts or sockets where needed 
in the concrete work, to which the pipes can be readily attached 
later on. 

MACHINERY FASTENINGS. 


Large machines with heavy bases setting on the floor seldom 
require any special fastenings. It is usually sufficient to thor- 
oughly grout with Portland cement mortar the base of the 
machine to the concrete floor. Small machines can be fastened 
directly to the concrete by expansion bolts or similar methods 
after the floors are concreted, the cost of drilling for these fasten- 
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ings being a small item of expense. Sometimes, however, it may 
be necessary to bolt through the floor in order to hold certain 
machines rigidly. If through bolts are required the holes should, 
if possible, be located before the floor is concreted ; otherwise, in 
cutting these holes through the floor reinforcing bars are liable 
to be encountered, which would cause more or less difficulty and 
might lead to serious trouble if cut off. In most cases machinery 
runs better and lasts longer if placed on solid foundations, and 
reinforced concrete floors are admirably adapted for machine 





FIG, I15.—DETAIL VIEW OF SHAFTING. 


shops. There are, however, exceptionable cases where machines 
seem to require more or less “give” on their bases in order to be 
most satisfactory in working and endurance. This is particularly 
true with certain textile machinery, and where a cushion is 
required a wood finished floor can be laid, or wooden timbers or 
bolsters can be fastened to the concrete flooring. It has also been 
suggested to use sheet cork or linoleum carpet under the base of 
machines in order to give elasticity of movement and also lessen 
the noise of running machinery. 
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REPORT OF COMMITTEE 
ON ART AND ARCHITECTURE. 


ALBERT Moyer,* Secretary. 


ee Ne 


In pursuance of the suggestions contained in the report of 
the Committee at the last Convention, requests have been sent 
out during the past year for photographs of concrete structures 
possessing artistic and architectural-merit. A great many photo- 
graphs were received and have been so classified by the Com- 
mittee, as to give as far as possible equal prominence to the 
various classes of concrete construction. Two of the most 
artistic designs of each class are herewith presented, 


I. Monolithic and Reinforced Concrete Residences. 
First award. Residence of Mr. Wm. C. De Lanoy, Short 
Hilis, N. J. John A. Gurd, Archietct; B. A. Howes, 
Jr., Engineer and Builder. Fig. 1. 


Second Award. Residence of Mr. Fred Pabst, Ocono- 
mowoc, Wis. Fernekes and Cramer, Architects; New- 
ton Engineering Company, Builders. Fig. 2. 


II. Concrete Block Construction. 
First Award. Residence of Mr. Edw. S. Harkness, New 
London, Conn. Lord and Hewlett, Architects ; Emerson 
and Norris, Builders. Fig. 3. 


Second Award. Residence of Mr. J. Y. Reed, Winnipeg, 
Canada. H. B. Rugh, Architect; Perfection Concrete 
Company, Builders. Fig. 4. 


*By reason of the illness of the Chairman, Mr. Charles D. Watson, this report was 
prepared and presented by the Secretary 


(165) 














166 Report or COMMITTEE ON ART AND ARCHITECTURE. 


III. Factories, Warehouses, etc. 
First Award. Warehouse of Great Atlantic and Pacific 
Tea Company, Jersey City, N. J. Howard Chapman, 
Architect; Turner Construction Company, Engineers 

and Builders. Fig. 5. 
Second Award. Woolen Mill of Mayo and Son, Foxcroft, 
Maine. Adolph Suck, Engineer; Eastern Concrete 

Construction Company, Builders. Fig. 6. 




















Second Award. ‘ ; 
Monolithic Concrete Residences. Newton Engineering Company, Builders. 


Fernekes and Cramer, Architects. 


FIG. 2.—-RESIDENCE OF MR, FRED PABST, OCONOMOWOC, WIS. 


IV. Office Buildings. 


First Award. Building for Phelps Publishing Company, 
Springfield, Mass. Fred. S. Hinds, Architect ; Turner 
Construction Company, Builders. Fig. 7. 


V. Bridges, Walls and Fences. 


First Award. Walnut Lane Bridge, Wissahickon, Pa., 
City of Philadelphia. George S. Webster, Chief Engi- 
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neer Bureau of Survey; Henry H. Quimby, Engineer of 
Bridges; Reilly and Riddle, Builders. Fig. 8. 


Second Award. Connecticut Avenue Bridge, Washing- 
ton, D. C. Colonel W. M. Black, Colonel Lansing 
H. Beach, Colonel John Biddle, successive Engineer 
Commissioners, District of Columbia; W. J. Douglas, 
Engineer of Bridges; George S. Morison, Consulting 
Engineer (Designer) ; District Construction Company, 
Builders. Figs. 9 and to. 


VI. Manufactured Decorative Concrete Stone. 


First award. Temple in a Formal Garden on a Private 
Estate in Massachusetts, Concrete Stone. Little and 
srown, Architects; The Emerson and Norris Company, 
Builders. Fig. 11. 


Second Award. Decorative Concrete Stone Work. De- 
signed and manufactured by the George Rackle and 
Sons Company. Figs. 12 and 13. 


We feel that there is a growing interest among architects and 
the public in -the artistic development of concrete construction. 
So far the development has been principally along the lines of 
Decorative Concrete, Concrete Bridges, Warehouses and Factory 
Buildings, due to the fact that the material is more economical 
and better adapted for this class of work than any other struc- 
tural material. 

Concrete from the viewpoint of economy and service is also 
better adapted for other structures, such as residences, walls and 
fences, but has not been so well exploited, the architects not being 
in possession of sufficient information and precedent to overcome 
a certain prejudice against this most extellent material. 

This prejudice has been due to some extent to the exploita- 
tion of concrete blocks, which are often imperfectly and im- 
properly made and of abominable design, mostly a bad imitation 
of rock face. This has caused the architects to look askance at 
concrete block constri tion for residential purposes. 
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That concrete is an excellent material for structural work is 
unquestioned, but that it can be made beautiful to the eye is 
doubted by most architects. Architecture to be sane and rational 
in accord with good art, must be designed to meet the require- 
ments of the climate, the habits of the occupants and to secure 
the most, economical use of the available materials. 

Wherever concrete is employed and surface markings as 
produced by the forms allowed to remain, without attempting 











Second Award. H. B. Rugh, Architect. 
Concrete Block Construction. Pe. fe« ion Concrete Company Builders. 


FIG. 4.—RESIDENCE OF MR. J. Y. REED, WINNIPEG, CANADA. 


to disguise the methods employed, the effect will sem unattrac- 
tive to the unpractical eye of the majority of people, even 
though relief is given by the use of colored clay tile or other 
colored decoration. It is good for it is honest. That such treat- 
ment in time will become interesting and beautiful I have no 


doubt. 
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FIG. 3.—RESIDENCE OF SEONDON, CONN. 
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That which the eye has never seen is seldom pleasing; that 
which is unaccustomed suggests doubt. If, however, the funda- 
mental laws of art are followed, as the eye becomes accustomed 
the art and the structure become pleasing. Natural caverns 
homes of earth and ice were the first dwellings; later wattled 
rude frames were thatched with grass, stamped with earth. 
The first mud house as well as baked mud or clay, later 
called brick, must have been an unpleasant shock to the primi- 
tive man who had never seen this form of construction. For 
that which we have seen for the first time is seldom under- 
stood, the memory carrying nothing similar and with it no 
imagination. The rude frame thatched or wattled houses must 
have gradually become pleasing to the eye of the primitive 
man as they are picturesque to the poetry of to-day. We can 
trace back through the ages the development of architectural 
thought. 

The binding together of saplings with grass rope or animal 
skin thongs, were for the purpose of economical construction, 
the object being to obtain a strong support for a roof, large hewn 
timber being unknown. Thus we have the image which sug- 
gested the fluted stone column. The Doric frieze and cornice 
were reminiscences of a primitve wood construction. The tri- 
glyph (tablet with three vertical channels) suggests the cham- 
fered ends of cross beams of three planks each. The numerous 
tent poles supporting the canvas roof of the Arabs and Moors 
furnished the idea of the slender marble columns in myriads 
supporting the roofs of the mosques and alcazars. 

The memory translated one material to another. There 
was no shock, the eye being intuitively accustomed, the archi- 
tecture became pleasing, and if of happy design very beautiful. 
But the reverse applies to the best of art and even to the educated 
mind should the development be relatively sudden, in instances 
where new and economical structural materials are discovered, 
such as Portland Cement, the eye having been accustomed to 
massive construction as in heavy stone columns, the development 
is rapid. In reinforced concrete we do not see the source of 
strength. It. appears to be of slender construction but when 
properly designed is, in fact, of as great if not greater strength. 
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As soon as the eye becomes accustomed and the mind knows the 
source of strength, the slender but strong structures become 
beautiful. 

An inhabitant of another planet if he be differently con- 
structed, and viewing for the first time the most beautiful human 
being on this earth, might consider such being very ugly, not 
knowing that the flesh covered bone and muscle, the sources of 
strength. He might not be able to understand how the being 
could ever stand on its feet. It is so with reinforced concrete 
when seen for the first time. 

















Second Award. Adolph Suck, Engineer 
Concrete Factories. Eastern Concrete Construction Company, Builders 


FIG 6.—WOOLEN MILL OF MESSRS. MAYO AND SON, FOXCROFT, MAINE, 


Some of the great masters in the art of painting were unable 
to sell their masterpieces at any price, although later they often 
sold for fabulous sums. They had developed an original style of 
beautiful painting, which did not seem beautiful in their day, 
the painter being far beyond his time. As the eye became accus- 
tomed art became beautiful. 

To illustrate again, when we first saw our mammoth battle- 
ships we considered the lines very ugly and the ship a mon- 
strosity, our eye having been accustomed to the old “clipper and 
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cutter style of vessels. To-day we view these same battleships, 
huge; massive floating forts of enormous strength, as things of 
beauty. 

We will skip through the Egyptian, Greek, Saracenic, 
Roman, Gothic, etc., which are all an evolution of suggested and 
enlarged thought, and reach a period when a new material sud- 
denly appears, and, strange to say, history is repeating itself in 
that concrete will displace timber construction. It is fortunate 
that we have this material during a period when our forests have 
not yet been depleted. Concrete is the lumber of the future, and 
will assist very materially in the conservation of our forests. 

Concrete construction properly designed is not an imitation 
of either wood or stone. Its artistic treatment must be true, sin- 
cere and honest, all thought of imitation eliminated. The archi- 
tectural treatment, however, should not discard precedent, but 
work along the lines of evolution. The original designs required 
will produce an edifice which at first will be mentally misunder- 
stood, but, nevertheless, looking forward and feeling assured that 
if correctly designed we are working along the lines of good art, 
we can state positively that such structures even twenty-five or 
fifty years from now will be viewed as beautiful, the eye having 
become accustomed. If, therefore, it is beautiful then, it is in 
fact beautiful now. In exactly the same relation as the works of 
the great masters which were not considered beautiful when first 
painted have become wonderfully so to the eye of the present day. 
We might, therefore, state that in viewing concrete construction 
treated properly as concrete our eye is primitive as compared to 
the educated eye of the future. 

A reinforced concrete column left without surface finish, all 
the board and form marks visible, is to our eye an unattractive 
gray color. Decorate the cap with an inlay of tile of various 
colors, and possibly a band or two around the column and on the 
base, showing that the column is left intentionally true, honest 
and sincere, the reverse of imitation, and you will find, as the eye 
is educated it becomes a thing of beauty. The unattractive gray 
is m reality beautiful if understood and properly combined with 
other colors. I have gone to the extreme in order to illustrate. 

We also may work along the lines of good art by means of 
surface treatment which leads up to one of the forms of a true 
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concrete architecture. The methods of economically treating the 
surfaces of concrete are so numerous as to give the architect a 
larger scope, far greater than that of any other building material 
both in color and design. Among the various effects that can be 
produced are the numerous stucco finishes which are well known, 
the exposing of selected aggregates, by which method the surface 


is scrubbed while the concrete is green, exposing the larger pieces 

















FIG. I0.—VIEW OF ONE SPAN OF THE CONNECTICUT AVENUE BRIDGE, 
WASHINGTON, D. ¢ 


of aggregates; in fact, throwing them slightly in relief, giving a 
rough surface of accidentally distributed varied colored stones, 
removing all of the cement color from the surface of the mortar, 
binding together these stones, causing the mortar and the larger 
pieces (11% ins. down to 1% in.) to be alive with purpose and color. 

Also brushing the surface with dilute muriatic acid, which 
removes the cement from the surface of the various particles. 
This acid treatment is usually used on a finer grain surface than 
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FIG, 12 MANUFACTURED DECORATIVE CONCRETE STON] 








FIG. 11.—TEMPLE IN A FORMAL GARDEN ON A PRIVATE ESTATEIN 
MASSACHUSETTS. at ied alae 
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FIG } MANUFACTURED DECORATIVE CONCRETE STONE, 
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exposed selected aggregates, the appearance is entirely different, 
no similarity. The exposed selected aggregates can be viewed 
from a distance of 500 feet. The appearance of the surface from 
that. distance is as pleasing as in the nearby view. Whereas, the 
finer grain surface appears at a distance very much the same as 
if the surface had not been treated at all. This same effect 
applies to what is known as Bush hammered surface. 

The exposed selected aggregates afford a wide field. The 
various colored stones, pieces of broken brick, white marble chips 
and broken clay tile can be formed into a combination giving 
possibilities which are not to be obtained by any other method. 
Combining these effects with clay tile in design primitive Indian 
or Oriental colors, and the effect is very happy. But we cannot 
obtain these effects by artificial methods such as what might be 
called pebble dash, the pebbles being placed in the mortar by hand, 
they are unconsciously arranged with such a degree of regularity 
as to be obviously unnatural. 

The exposed selected aggregates, bush hammered concrete 
or acid treated concrete is perfectly rational, along the lines of 
good art, honest and sincere, as it simply exposes the aggregates 
in the position which the mixing has placed them. 

Clay and Sand Surface.—Plaster inside of forms with wet 
clay, work to a plastic consistency which will adhere to the forms. 
Corners may be rounded by this method. and by indentations 
bead work and other designs can be accomplished. 

While the clay is wet, apply evenly, loose buff, red or other 
colored sand, after which, pour in the concrete by the same 
method as applied to ordinary wet concrete construction, remove 
remove forms in usual time after clay is dry, wash off the clay 
with water and if necessary scrub slightly with a brush. The 
sand will thus adhere to the concrete giving a surface of pleas- 
ing color and texture. 

There is still another use for concrete which is entirely 
different from that above described, and yet in perfect accord with 
good art. I refer to the molding or casting of concrete stone. 
If by intelligence and good workmanship we can _ reproduce 
natural pink or gray granite, or even with our White Portland 
Cements an excellent marble, performing the work so faith- 
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fully as to baffle the practiced eye, we are actually reproducing 
a natural stone. I have seen a large amount of this work in 
Boston, particularly at Harvard College, where there is a building 
of granite, a wing having been added of concrete stone in the 
form of granite so faithfully reproduced as to make it impossible 
for even the practiced eye to tell where the natural stone ends 
and the concrete stone begins. This at a distance of not over 
five feet. 

[I could also go further and state that the concrete blocks 
which have been such an abomination in the past can be success- 
fully used and serve the purpose of correct art, provided the con- 
crete blocks are employed as concrete blocks, not an imitation of 
anything else. The rock-face concrete blocks are unquestionably 
a bad imitation. 

The concrete stone molded or cast has the advantage over 
natural stone, by the correct selection of the best of aggregates 
scientifically proportioned so that maximum density results, no 
lamination occuring as occurs in natural stone. Therefore, it is 
safe to state that such a stone can be produced more uniform, 
as dense as Nature’s products and artistically as beautiful, there 
being no thought of imitation. 

The architectural treatment of concrete as concrete is one 
matter, and the reproduction of a natural stone is another, so is 
the employment of concrete blocks still another. By one method 
we are manufacturing a natural stone by artificial methods, by 
another we are manufacturing a concrete hollow block to be used 
as a concrete hollow block, not a natural stone, and not an imita- 
tion. When the Greeks translated wood into stone the form was 
suggested but the material was obvious. So it should be with 
concrete, but if used to reproduce a natural stone then and then 
only should the reproduction be architectural treated as natural 
stone. 

This subject of the architectural treatment of concrete as a 
structural material may, therefore, be divided into two parts, and 
when used it should either stand honestly as concrete or should 
he used to reproduce Nature’s products, but in reproducing, if 
bad workmanship is employed, merely ugly imitation results. This 
line is rather finely drawn, but we should not become so fanatic 
as to state that concrete can be used only as concrete. 
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Quoting from Ruskin: “To cover brick with plaster and 
this plaster with fresco is perfectly legitimate, the plaster is gesso 
grounds on panel or canvas, but to cover brick with cement and 
to divide this cement with joints that it may look like stone, is to 
tell a falsehood, and is just as contemptible a procedure as the 


other is noble,” 





DECORATIVE CONCRETE STONE. 
By FREDERICK A. Norris.’ 


It is now a generally accepted fact that properly made con- 
crete possesses all qualities of the best natural quarried stone that 
would make it desirable as a building material with the exception 
of a pleasing appearance, which it often lacks. 

It is durable, hard, strong in compression, can be made 
strong in tension by proper reinforcement with steel, is practi- 
cally non-porous, fireproof, a good non-conductor of heat, and 
is without strata. Besides, it is generally cheaper than quarried 
stone. 

It is also well known that it can be molded or cast into 
practically any desired form, but then its appearance in color 
and texture, unless this process is done by experts in this special 
work, is nearly always so undesirable that it cannot be used suc- 
cessfully for ornament on buildings of any pretensions, especially 
those of a classical character, where columns, capitals, cornices, 
molded courses and the like are employed. 

In view of these facts, it is apparent that if we could make 
its color and texture pleasing to the eve, and its form accurate 
in every detail, so that it would not look molded or cast, but 
have sharp arises and true lines, a very much larger field would be 
opened up for its use. 

As our criterion of appearance fixed by habit is that of 
quarried stone, and as concrete is really itself stone, we naturally 
try to approach in color and texture the article made by nature, 
not necessarily because we want to imitate it for the purpose of 
deception—although in practice this is often the case—but 
because, in our imaginations, we have no better standard of looks. 

It is, however, possible to make concrete appear as concrete, 
so that it can be readily distinguished as such, and still have it 
pleasing to the eye. 


* Emerson and Norris, Boston, Ma 
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There are, generally speaking, four different methods of 

surface treatment successfully employed: 

1. To reveal the aggregates. 

2. To make the concrete surface take on its color and tex- 

ture from different substances placed in contact witi 
the wet cement in the molds or forms. 
(These first two methods are generally the ones em 
ployed when it is desired to approach natural stone 
in appearance, although they are not necessarily lim- 
ited to this purpose. ) 

3. To cover up the surface either with some kind of 
paint or plaster. 

4. To embellish the surface with materials of distinctive 
shades or colors generally in design, materials such 
as terra cotta, Moravian tile, colored glass, mosaic, 
brick, pebbles or other similar substances. 


There are two ways of revealing aggregates, one by tooling 
the surface after the concrete has been thoroughly set and has 
hardened, which generally requires about four weeks before too! 
ing can be done, and the other by scraping off the surface of 
neat cement before the concrete has thoroughly set, generally 
using a bristle brush for the purpose, and then washing the con- 
crete either with plain water or a solution of muriatic acid. 
This latter method is generally employed within 24 hours of the 
time that the concrete is placed in the forms. 

In order to attain good results by revealing aggregates, the 
aggregates must be worth revealing, and be pleasing in them 
selves ; furthermore, they must be placed in the forms and manip- 
ulated after being placed, in such manner as to be uniform in dis- 
tribution, and the markings of the forms, or the markings of 
successive layers laid at different periods of the work must not 
appear. They must be properly and carefully selected as to size. 
To be pleasing, aggregates must reflect light well and be dis- 
tinctive in shade or color. 

Black and white marble have been most successfully em 
ployed for this purpose, and instead of becoming dull with age, 


~ 


they weather lighter, and retain distinctive textural advantages 
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over even most granites. There are examples of this work in 
structures in the vicinity of Boston that are twelve to fourteen 
years old, and look nearly like new. Crushed granite of some 
kinds serves very well, but requires, as a rule, a small portion of 
black or white aggregate, or brilliant material of distinctive and 
different colors mixed with it to give it the desired “life.” 

It is almost a practical impossibility to so proportion the 
. ; 
t 


egates of a given stone with a view of reducing the voids 


ager 

to the utmost minimum, thereby necessitating the least amount 
of cement, so that when revealed, the appearance of the product 
will closely resemble the natural stone from which the aggregates 
are taken. The variable in this operation emphasizes the un- 
certainty and difficulty of the attempt. 

There is another matter to be taken into consideration in 
the employment of aggregates, that is their size to conform t 
different designs. If sharp arises and fine ornamental details 
are required, small aggregates must be used; a very common 
error of design is the making of too fine detail for a concrete of 
large aggregate. 

\s selected aggregates are generally costly, it is often ad- 
visable to form only the surface of the stone of this selected 
material, placing it in position at the same time that the backing 
of rougher concrete is installed. If this be properly done a 
perfect bond between the face and backing is insured. This can 
be proved by the inspection of this material in a number of 
places in and about Boston, where it has been employed for 
twelve or fourteen years, and shows no signs whatever of dis- 
integration. 

Of the second method this much can be said: If concrete is 
poured very wet, nearly the consistency of thick soup, into a 
material made of a porous substance, such as sand, or a mixture 
of sand and other desired material, the surface of the concrete 
which comes in contact with the mold will take on the texture 
and color of the material of which the inside surface of the mold 
is composed. When concrete is of this wet conristency, the sur- 
plus water naturally carries with it the finest particles which are 
comprised largely of neat cement. This goes to the surface and 
percolates through the porous substances on the inside face of 








182 NORRIS ON DECORATIVE CONCRETE STONE. 


the mold, leaving behind it on the surface a sufficient quantity 
of neat cement to adhere to the particles forming this surface of 
the mold, taking them up and making them an integral part of 
the body of the concrete, and forming a surface thereof of the 
same color and texture of the material with which the mold is 
lined. There are many possibilities in this direction still to be 
developed. 

The third method of covering concrete surfaces is well 
known and successfully employed on a large scale, and needs no 
exposition here. There are many, however, who believe that 
Portland cement and sand plaster cannot be put. on a concrete 
surface and made durable because a proper bond cannot be formed 
between the backing and the surface, and that such plaster will 
crack and fall off in the course of time. It is possible, however, 
to make a durable surface in this way, and it has been done on 
many different pieces of work. It is absolutely necessary to have 
the face of the concrete thoroughly roughened up generally by 
tooling for the purpose of insuring a proper bond, and the surface 
must be thoroughly wet before the first coating of plaster is 
applied. This first coat must be thrown on with force, roughened 
up and allowed to set before the second coat is applied, because 
otherwise the weight of the second coat will tend to break the 
bond of the first coat. The second coat must then be applied in 
the same manner as the first coat. The finishing coat can then 
be floated on or applied in any other desirable manner, which is 
well known, after the second coat has been set and thoroughly 
wet down. The finish plaster should be kept covered and wet 
for at least one week. If large surfaces are to be treated, joints 
should be left to overcome contraction cracks. 

There are great possibilities of obtaining effective and 
artistic results on rough concrete by embellishing it with colored 
substances in design. These can be inlaid after the concrete is 
set in recesses left for the purpose, or can be placed in the forms 
before the concrete is poured. The grill room of the Tennis and 
Racquet Club, Philadelphia, is an illustration of its successful 
employment.* 

These four general methods mentioned can be combined, as, 


*I}lustrations of this work appear in Proceedings, Vol. IV, pp. 116-123.—Ep. 
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for instance, concrete with the aggregate revealed, embellished 
with colored substances or surfaces treated partly in one manner 
and partly in another. The two latter methods are the ones usually 
employed on concrete surfaces which are to look like concrete, 
and not intended to simulate the appearance of quarried stone. 

Many architects, engineers, and even those engaged directly 
in the concrete industry believe that concrete as a building ma- 
terial should always stand up for itself, be known as concrete, 
and never be employed as an imitation material, but it is a fact, 
nevertheless, that it can be made to resemble natural stone so 
closely as to deceive the layman, or even the expert, at a distance 
away of a very few feet. It can have just as much life, just as 
much color, just as sharp arises as natural stone, and in addition, 
it can be without strata or bed, fireproof, and reinforced with 
steel, qualities which natural stone does not possess. 








UNBURNABLE HOMES—THEIR ARTISTIC AND 
ARCHITECTURAL POSSIBILITIES. 


By BENJAMIN A. Howes, Jr, C. E. 

During the past six years my time has been given over 
exclusively to the construction of concrete unburnable homes. 
The experience I have met with in my efforts to persuade owners 
that a concrete house was the best possible investment has con- 
vinced me that there are two main stumbling blocks to be over- 
come before concrete will come to its own as the domestic build- 
ing material par-excellence. 

The first of these lies in the scarcity of engineers or organi- 
zations trained for the economic erection of such buildings. As 
every one knows, there are many firms of concrete engineers 
who have attained a large measure of success and whose work 
as to quality and efficiency leaves nothing to be desired. The 
substantial records of their success in the shape of concrete indus- 
trial structures, factories, warehouses, bridges, dams, etc., cover 
the country. 

No such wealth of material, however, awaits the investi- 
gator of what has been done in this line of concrete domestic 
work. The reason for this is not far to seek. In the construc- 
tion of industrial work, the problem facing the engineering con- 
tractor is one of rapid and economical handling of large amounts 
of material. The house builder, on the other hand, faces a 
problem made up of an infinite number of petty details. Instead 
of planning how much plant he can use to reduce the cost of 
each yard of concrete entering into the structure, the house 
builder must seek to avoid every possible dollar’s investment in 
a plant that because of the insignificant bulk of concrete in 
the work will have no possible chance of paying for itself. _ For 
this reason, these industrial concrete engineers have steadfastly 
refused to build residences, no matter by whom the opportunity 
was offered them. 
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On the other hand are found many excellent firms of build- 
ers possessed of an organization wholly capable of the eff- 
cient and economical handling of the multitude of details that 
go to make up the house building contract, but these men are 
absolutely devoid of the engineering experience and _ ability 
necessary to the ‘successful concrete constructor, and, as con- 
servative men, they, too, have refused to undertake concrete 
house construction. 

It is only because these facts point to the profitable neces- 
sity for a concrete house organization that I am forced to turn 
for the illustrations presented herewith to the work of my own 











FIG. I.—REINFORCED CONCRETE RESIDENCE OF ALEXANDER S, COCHRAN, EAST 
VIEW, N. Y ROBERT W. GARDNER, ARCHITECT; B, A. HOWES, JR., ENGINEER, 


organization. It is, indeed, fortunate that this condition can last 
but little longer. The technical schools are turning out young 
engineers well trained in the principles of concrete construction, 
and several large manufacturers are putting on the market types 
of unit reinforcement that eliminate much of the necessity for 
technical engineering ability on the part of the contractor. With 
these aids and the stimulus of a constantly increasing public 
demand, one after another of the progressive firms of house- 
building contractors will enter this field. 

The signs point to a time which may dawn to-morrow, when 
some far-sighted business man and benefactor of the concrete 
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industry and humanity will, backed by an efficient manufactur- 
ing organization, place on the market a standardized reinforcing 
system, and a reinforcement hand book that will do for con- 
crete what the Carnegie Company and the Carnegie hand book 
have done for standardized steel construction. 

Reinforced concrete has been enthusiastically called a 
plastic building material. This is only partly true. Its initial 
plasticity and the widely differing properties of its two com 


ponent elements, steel and concrete, the one of great tensile and 











FIG. 2.—REINFORCED CONCRETE RESIDENCE OF MR. WAITLAND Ff GRIGGS AT 
ARDSLEY-ON-HUDSON, WN. \ ROBERT W GARDNER, ARCHITECT; B \ 
HOWES, JR., ENGINEER 


the other of great compressive strength, have given to the 
designer a far wider scope than he has ever enjoyed in any other 
building material. This scope has, however, very sharply 
defined limitations, and he who solves successfully the problem 
of concrete design, be his method that of the drafting board 
oz better, of the modeling table, must have an absolute know] 
edge of the engineering limitations and necessities of the mate- 
rial with which he is dealing, if his work is to be possessed of 
any real engineering character and architectural beauty. 

No branch of art owes more to the past than architecture. 
It is only natural that the architects of to-day, who are, as a 
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class, worshipers of the marvelous beauties that their craft 
has left to mark the glories of by-gone days, should be slow 
in adopting the new building material, one that in its nature 
requires the breaking away from ancient precedent and design 
and the originating of a new architectural type. 

The bolder spirits in the profession, who see the opportunity 
of great artistic and financial reward in the solution of the 








FIG. 5.—LOGGIA ON HOUSE OF MR. GRIGGS 


problem of artistic concrete construction will, of course, have 
to stand the derisive criticism with which conservatism has 
always attempted to check development. Thus a recent anony- 
mous architectural writer expresses disapproval of a bridge 
recently built in the New York Parkway system. In line with 
the usual criticism of concrete as lacking monumental massive- 
ness, the bridge, he says, in comparison with masonry or concrete 
unreinforced is “unduly thinned and unduly flattened by means 
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of the concealed reinforcement,” and as for some attendant retain- 
ing walls, he says they are “mere inexpressive, expensive 
expanses of smooth smears!” 

Of course there is less mass in a reinforced concrete bridge 
than in a masonry or plain concrete bridge. And he who criti- 
cises the graceful sweeping lines of a concrete bridge does so 
only because he lacks an intelligent conception of the beauty of 
architectural expression. Unlike structural steel, the steel of 


reinforced concrete is not concealed, and is not meant to be. 


The steel and concrete together make a homogeneous building 














FIG. O.—ENTRANCE FRONT, PEARMAIN HOUSE, 


material either element of which is indispensable ; and to the see- 
ing eye, well designed works in reinforced concrete always show 
the steel and to a large extent even the amount of steel used 
in the reinforcement. The architectural design which fully sat- 
isles the engineering demands of the material and expresses 
them to the eye will be felt in the end to possess true beauty. 
Just what style will be evolved as a proper and _ fitting 
expression for reinforced concrete only time will tell. One thing 
we may be certain of, no imitation of stone masonry will be 


tolerated by the architectural profession, to say nothing of the 
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public at large. In my opinion the future of concrete archi 
tecture lies where that of all other types has lain, in the logical 
development of the engineering possibilities of a material modi- 
fied only by conditions of labor. The magnificent supplies of 
marble, for instance, at the disposal of the Greeks, could be 
utilized as they were, only by the presence of many highly 
skilled artisans in a community where the general level of intel 
ligence was remarkably high. The Romans, with less stone 
and marble, but quantities of high grade natural cement, and a 
vast amount of unskilled labor in the persous of slaves, were 

















FIG. 7.—GARAGE AND STABLE WITH LIVING QUARTERS—PEARMAIN HOUSE 


able to construct such a marvel of concrete as the dome of the 
Pantheon, with its 142-foot span; while their arch construction 
was a direct expression of their need to use smaller stones than 
had the Greeks and Egyptians with their great beams and lin 
tels. And it is, of course, well known to you that the direct 
occasion of the development of the Romanesque recessed arch 
and the Gothic pointed arch, was the need of. still further 
economy in the use « 


f still smaller stones, and in roofing larger 
free spaces. It was, so to speak, in silence and darkness, at the 
call of imperious necessity, that those seeds grandiose archi- 


tecture germinated. And it is to me at least, of direct and 
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striking interest that in the same way, in unconscious response 
to imperious needs, that the first steps have been taken toward 
that concrete architecture which the architects of to-day will 
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carry to a triumphant expression. It is in factory and ware- 
house construction, the work of those blind utilitarians, the 


building engineers, that you will find them. 
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Take the typical case of the transition from beam and col- 
umn to the flat arch. The typical factory construction in con- 
crete has, up to the present time, been almost entirely of the 
trabeated or vertical column and horizontal girder construction. 
The reason for this lies not in the fact that it is the truly eco- 
nomic engineering design in the securing of the maximum 
amount of efficiency of a given quantity of material, but because 
the problem of constructing forms in which curves are embodied 
in an economical manner has not so far been successfully met. 
But in many of the most advanced examples of factory construc- 





















































FIG. 9.—SKETCH OF TAPERING BEAM CONSTRUCTION—RESIDENCE 
OF HINSDALE SMITH, ESQ., SOUTIL HADLEY, MAS KIRKHAM 
& PARLETT, ARCHITECTS. 


tion will be found the bracket, and later, the bracket going over 
into the flattened arch, simply because it is the strongest shape 
for a given amount of concrete and steel, meeting the shear 
ing stress and lessening the weight. The point of weakness in 
a concrete girder is not as is generally supposed at its center; 
that is its greatest point of strength. The weakness is at the 
so-called shearing point where the beam joins the column.  [t 
is to increase the strength of the beam at this point that the 
bracket is utilized. Expressed in another way, the flat concrete 
girder contains a considerable quantity of waste material at its 
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center that serves no other purpose than extra fireproofing of 
the steel reinforcing. 

The flattened arch will always be the economic type of con- 
crete construction for the reason that the increased cost of con- 
crete offsets the saving of reinforcement when a certain point 


of spring is reached, on one hand, and the increase of rein- 








FIG IO HEAVY BEAMS IN DINING ROOM—-PEARMAIN HOUSE. 


forcement offsets the saving in concrete when a certain point 
of flatness is reached on the other hand. 

As there are two factors to be considered in the economic 
design of a concrete structure, their comparative cost at the 


point of construction must be c msidered before the economic 
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design can be selected. In the Pittsburg district, for example, 
steel is cheap and labor and concrete aggregates are comparatively 
expensive, the cost being approximately $35 a ton for the steel 
and $12 a yard for the concrete. With these factors the spring 
of the truly economic arch, eliminating for the time being the 
question of the forms, would be very slight. Taking, on the 
other hand, a district in the South, for example, where unskilled 
labor and concrete aggregates might be obtained at a very low 
cost, where steel would be excessively high, the factors might 














FIG, II.—HEAVY RECTANGULAR BEAMS-——PEARMAIN HOUSE, 


be worked out on a basis for $50 a ton for steel and $8 a yard 
for concrete. In this case, the spring of the arch would be 
considerably greater. To-day any building of reinforced con 
crete of the least monumental importance, will be a composition 
in which the flat arch will be a dominant motive and the truth 
of this is attested by the recent continental buildings in rein- 
forced concrete. 

Now this development in direct response to practical de- 
mands, has many parallels, the beginnings of which are to be 
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found in the same way. But as my subject is not concrete archi- 
tecture in general, but concrete houses, let me pass on to the 
variations from the usual type which economy and engineering 
demand for the construction of dwellings. 

First of all, it may be said, that good design in concrete 


demands broad flat surfaces, in which the artistic effects will be 

















FIG, 12.—BALCONY—COCHRAN HOUSE. 


reached by variations in color, and texture, contrasts in texture, 
or light and shadow from recessed panels, etc. Several typical 
reinforced concrete houses are shown in Figs. 1, 2, 3 and 4.* In 
these designs no attempt whatever has been made to imitate cut 
stone work, but the comeliness of the structural lines themselves, 


*For subject of Fig. 4 see colored insert opposite p. 16¢ Ep. 
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or contrasts in texture, as about the entrance and windows (Fig. 

. 5) serve to express the material. 
This, however, is a point somewhat familiar. What I have 
heard little of is the value of the flat roof in concrete design. 
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It is the logical construction for concrete, and enables many 
other valuable properties to be of use. Its economy is attested 
by the fact that all factory and office buildings and most city 
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houses have flat roofs. In concrete it is cheaper to build wall 
than roof (unless roof is nearly flat) and such designs as shown 
in Figs. 6, 7 and 8 indicate how much extra space is thus given, 

It is tradition alone which impels us to cling to the attic 
and storage spaces of the pitched roof; because we as a nation 
have been rural dwellers whose families have required the store- 
house room. With the change to more highly organized con- 
ditions, we need less attic space. 





FIG. I14.—GARAGE UNDER KITCHEN WITH SUNKEN 
ENTRANCE—GRIGGS HOUSE. 


Another important development which took its first rise in 
warehouse construction and which so far as I know has been 
used for a house only in one case, is the tapering beam, shown 
in Fig 9. This, of course, is a point of economy, as it omits 
concrete at the point where it is not needed. I, myself, was 
astounded at the results of my first experiment in the effect of 
lightness and spaciousness in a room so treated. Contrast these 
with the heavy effects of beam in Figs. 10 and 11. 
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Closely allied with the motive of the flat roof is the new 
opportunity in the treatment of balconies. The cantilever prin- 
ciple is easily operative here and many suggestions will come 
to architects from the possibility of a balcony like Fig. 12 or 
Fig. 5. 

In the direction of variations made possible by the fire-proof 
properties of concrete there is a wide range. The open roof 





FIG. 15.—FIREPLACE SHOWING LINTEL OF ROUGH CONCRETE—GRIGGS HOUSE. 


loggia,,or veranda, with fireplace, is one delightful and very 
practical possibility. (Fig. 13.) 

The garage under the kitchen is another apparently daring 
but perfectly safe departure. (Fig. 14.) 

The treatment of the fireplace itself is till a moot point. 
Such simple fireplaces as this, in Fig. 15, where contrasts in tex- 
ture express the nature of concrete, are thoroughly fitting. This 
fireplace (Fig. 16), in which original sculpture in cement done 
in place by a well-known sculptor, gives the other extreme of 
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delicacy. Cut stone ornaments can, of course, be duplicated in 
cement by ingenious methods, but it would seem that a true 
zsthetic feeling would seek rather to follow the genius of the 
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16.—FIREPLACE—PEARMAIN HOUSE. 
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material in avoiding complicated undercut designs, and choosing 
: bold simple forms or bas-relief. Such modeling as appears in 
the fireplace and the design for seat and table (Fig. 17), adopted 
from one of Alma Tadema’s pictures, both by a well-known 
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sculptor, Mr. Laurie, are examples of the healthy use of this 
plastic but massive material. So also this variation of the Doric 
columns for a pergola. Notice that the columns are not fluted, 
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but flat-sided, and on close inspection in no wise an imitation; 
while yet giving the delicate play of light and shade of the true 
fluted Doric column. (Fig. 18.) 
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This brings us to the question of surface ornament in col- 
ored mosaic or tile. I have in the past been an opponent of the 
use of colored mosaic for outside ornament; rather advocating 
the use of light and shade through offsetting columns and show- 
ing arches, recessed panels, etc., but study has convinced me of 
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FIG 18.—PERGOLA—PEARMAIN HOUSE FLAT ENDED DORIC COLUMNS OF 
REINFORCED CONCRETE, 


the great sanitary value, especially for city buildings, of the 
use of flat ornament flush with the wall surface; and the recent 
development in mosaic brickwork, in city building especially, 
has opened up a line of possibilities not even suggested by other 
work. 

In country-house work the window grouping and the tex- 
ture are the important problems. The grouping of windows, 
relieving and accenting them by leaded side-lights, or by treat- 
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FIG. I9.—REINFORCED CONCRETE BUILDING OF THE AMERICAN 
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ing the surface about them to modify texture, or the construc- 
tion of sills, lintels and jambs in brick, for example, form a 
striking and pleasing change from the monotony of an all con- 
crete surface. 

Of more prosaic nature are the details of cement floors and 
bases and metal sash. In public buildings to-day, some com- 
bination of cement floors is universal from sanitary and eco- 
nomical reasons. For houses, it is not a matter of adopting 
them blindly, but with discrimination ; experience has shown that 
they are not more chilling than wooden floors and with white 
cement and sand as basis, they can be finished to pleasing shades. 
In order of cost they are (1) plain gray cement, (2) white 
cement, (3) tinted cement, (4) terrazzo (marble clips in cement 
polished to bring out the marble) and various forms of floor 
tile, marble and ceramic. 

As for metal sash, in many cases casement sash are de- 
sirable for all reasons, and their appearance and reliability jus- 
tify the slightly increased cost of the excellent metal sash now 
on the market. 

Finally, in regard to texture, there are many methods of 
reaching interesting and pleasing results, one at least of which 
has been successfully worked out by Mr. Albert Moyer, in the 
construction of his home. A volume could be written on these 
methods, but as they are being eagerly and successfully studied 
at present (Fig. 19), I will turn rather for my last word to the 
province in which I as an engineer now feel most keenly the 
need of the interest and progressive achievement of the archi- 
tectural profession. 

It is in the realm of characteristic reinforced concrete de- 
sign that the work is loudly called for—design of the house, and 
especially the small house, that shall not imitate wood work, or 
brick work, or stone work, half timber or stucco, but shall clearly 
express the qualities of this noble building material, its mono- 
lithic quality, its capacity for enormous spans, its economic 
curves. Here the first suggestions are ready to hand—it is for 
the young architectural genius to make the most of them. 











THE CONSTRUCTION AND COST OF SMALL 
CONCRETE HOUSES. 


By C. R. Knapp.* 
ee 

The use of concrete for small and medium-priced dwellings, 
stables and garages presents a vast field for operation. In my 
opinion it is one of the largest in the cement world. 

The construction of large concrete buildings in nearly every 
city has been an object lesson to the people. It has given them 
much food for thought and, as thought begets investigation, they 
are fast putting two and two together and arriving at the con- 
clusion that what is good for the hard-headed man of large 
finances, who has had szientific and expert advice, must be good 
for them. Fortunately they are not confronted with a proposition 
involving the intricate engineering problems of large structures. 
There is, however, one point to be made clear, and that is the 
cost. This, to the masses means much. In talking with people 
about concrete, invariably the first question always is—‘Ilow 
does concrete construction compare as to cost with other build- 
ing materials?” In answering this question let us take up an 
analysis of the cost of the different materials and see just where 
concrete construction really stands. 

Stone, or stone backed with brick, is admittedly much higher 
in cost than other materials. If the stone is quarried on the lot 
near building site, the cost will be somewhat lessened, but will 
be still higher than brick. 

Frame construction has not the same standards of cost as 
other materials. We cannot, therefore, give reliable data. For 
example, one contractor offers to build a house for $2,000; 
another, the same house for $2,500, and a third contractor will 
ask $3,000. What do you get? Simply what you pay for, no 
more no less. The first house is merely thrown together, good 
only for from three to five years, and is then apparently an old 





*C. R. Knapp and Company, Philadelphia, Pa. 
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house, its value having depreciated fully 30 per cent. to 50 per 
cent. It will always be in need of repairs. The second house, 
of better construction, is good for from ten to fifteen years, with 
repairs beginning after the third or fourth year. From then on 
repairs are an ever increasing, fixed yearly expense. The third 
contractor, for $3,000, has constructed a good frame house, that 
will last from twenty-five to thirty-five years. To do this, how- 
ever, the frame has cost more than concrete. The cost of the 
other two houses is less than concrete, but in from five to eight 
years, the cost is much more and the difference increasing every 
year. In addition, there is a depreciation for wear and tear, 
whereas, the concrete house, like good wine, improves with age. 

Brick construction will cost for a 13-inch wall, 36 to 50 cents 
per square foot of wall, and a g-inch wall will cost from 25 to 
35 cents per square foot of wall. To these figures must be added, 
for the finished wall, cost of furring, lathing and two brown or 
scratch coats of plaster and the white coat. 

Hollow tile construction, which has an advantage over brick 
by reason of its air space, averages about the cost of brick or a 
trifle under. In comparing it with concrete, the writer knows of 
a case in point, where an owner thought the concrete bids were 
too high and turned to the tile, expecting that the cost with this 
material would be much lower, as he had been led to believe. 
The unexpected happened. The hollow tile bids were higher, 
thus showing that it costs more than concrete. 

Concrete blocks, at a less cost, have all the good points of the 
hollow tile construction and a few more besides. There is noth- 
ing better than a concrete block wall, where the blocks are properly 
made, cured and placed. The difficulty with ninety per cent. of 
the block houses about which there has been complaint, is gener- 
ally found upon investigation to be defects in the laying up. 
The public does not know this and at once condemns all con- 
crete blocks as bad, when even a poor block will give a fairly good 
result, if the mason will only do his work right. 

The cost of block construction is from 18 cents to 35 cents 
per square foot of wall- having a thickness of eight to twelve 
inches inclusive. For the finished wall, add the cost of the white 
finish coat which is put directly on the concrete, thus saving the 
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cost of furring, lathing and the two brown or scratch coats of 
plaster. Blocks are condemned by many, because the outward 
appearance does not appeal to them. Architects say that the rock 
face is a bad imitation and inartistic. Admitted, but 90 per cent. 
of the people who use them choose this surface. It is also 
claimed that, as the blocks are so regular in size, it gives the 
building a look of sameness. This can also be said of brick. 

All of these arguments can be met by making a block of 
coarse materials with a very rough surface and by laying them up 
without pointing the joints. Then rough casting the wall to any 
surface desired. A rough stucco or pebble dash wall is always 
acceptable to the architect. By this method, you have not only 
completely changed the appearance, but you have done this with- 
out losing even one of its good features and at a less cost. I 
believe this method to be the cheapest in the block business. 

A plain or reinforced concrete wall is much stronger in every 
feature than a brick wall. It is, therefore, not necessary to make 
the concrete wall as thick, in order to get the proper factor of 
safety. The Philadelphia building laws take cognizance of this 
fact by requiring in concrete only two-third: of the thickness 
called for in brick. 

For house construction, I would advise two four-inch walls, 
with a four-inch air space. The two walls should be tied with 
metal ties in concrete webs. This gives a wall of full strength, 
saves materials, gives an absolutely damp-proof house, and al! 
the benefits derived from the four-inch air space. It also saves 
the furring, lathing and two brown coats of plaster, the finishing 
coat being.plastered on the concrete. This wall will cost from 
15 to 25 cents per square foot of wall, plus the finish coat. 

Another method is to use a six-inch wall, which is strong 
enough for any two-story house, with furring, lathing or 
metal sheathing on the inside, which gives enough air space to 
keep any dampness from coming through. Plaster in the regular 
way with two brown coats and one finish coat. This will cost 
from 11 to 18 cents per square foot for the concrete, plus the 
furring, lathing and plaster. These prices are equal to six to 
ten dollars per cubic yard for concrete. 

Concrete partitions, two inches thick,—reliable in every way, 
—nothing better—can be put up for 16 to 20 cents per square 
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foot. Floors, by using concrete in connection with hollow tile, 
can be placed for about 25 to 40 per cent. more than the wooden 
joist construction we are now using. 

A concrete roof costs but a few dollars in excess of what 
we are paying for the best wooden shingles. After we have 
these things, we have a structure which does not require any 
painting, repairs or outlay of any kind. We have a fireproof 
house which does not depreciate, but rather increases in value. 
It' saves the large insurance expense, and fuel. It is a delight 
to the owner, because it is cool in summer and warm in winter. 

To reduce the cost of construction of the small reinforced 
concrete building, a method must be applied that is at once simple, 
quick, practical and economical. The system which is economi- 
cal for the large structure is too high in cost for the small 
structure. During the past summer the writer constructed a 
stable for Mr. Robert E. Griffiths, at Haverford, Pa. The outer 
walls and partition walls were six inches thick. They were all 
carried up at the same time as a unit. To do this, we used two 
rounds of 12-irich boards inside and out, fastened with the Diet- 
rich clamps. The result obtained was quick construction, which 
means a saving of labor, economical use of lumber and a minimum 
cost which was in this case, $1,580, as compared with a bid for 
brick of over $2,500, and for frame of $2,000. The lumber used 
for forms and scaffolding was all utilized in the carpenter work, 
thus there was no waste. 

Where the form is a part of the builder’s permanent equip- 
ment, to be taken from job to job, I would suggest units eight 
feet long by three feet wide. When two rounds of 12-inch 
board units are used it often happens that the placing of con- 
crete is delayed owing to the men changing forms and not being 
able to keep ahead of the mixing. By using two rounds of the 
8-ft. x 3-ft. units, which are easy to handle and cost no more to 
place than the one-board units, two men changing forms can 
keep ahead of six men mixing and placing. This gives the con- 
crete a longer time to set before the forms are taken off. 

If care is taken in placing the concrete there are no surface 
voids and it will leave a smooth wall for any of the many dif- 
ferent finishing methods we may wish to apply, 
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The method giving the best result for the least work is by 
thoroughly wetting the walls and then applying with a brush a 
thin 1 - 2 mortar, rubbed in well with a carborundum stone. 
This produces a lather on the surface, removes all board marks 
and fills the pores. Before dry go over the wall with a brush 
dipped in water. The result is a hard, smooth, even surface 
and uniform in color. A green wall can be done in the same way. 

In conclusion I would like to refer to the problem of satis- 
factory treatment of concrete houses from the architect’s point 
of view. The leading architectural magazine in this country 
récently sent out a-circular in which the following statement 
appeared : 


There is no reason in the world why even the suburban residence or 
farmhouse should be a hodgepodge of irrelevant architectural details, 
enclosing a sorry assortment of poor and, therefore, uneconomical con- 
struction and equipment. The sad, costly, architectural aberrations which 
line even the main thoroughfares of our leading cities are the gratuitous 
insults of ignorance. Nobody means offence, nobody wilfully chooses the 
poorer result, but it is not to be avoided when the worse appears the 
better reason. We need a united effort for reformation. We need to 
establish a fair average of critical judgment. We do not need an artistic 
police, but we need an artistic school for art. 


We, as cement users, can derive great satisfaction in knowing 
that the condition of affairs as described by this high authority 
in the domain of architecture, cannot be charged to builders of 
concrete houses, as the latter are so much in the minority that 
the criticism quoted could not apply to them. But it brings up 
something for future consideration along the line recently sug- 
gested in the editorial columns of one of the leading New York 
engineering journals. In urging that we substitute fireproof con- 
struction for the dangerous and combustible materials usually 
found in dwellings of moderate cost, the editor stated that the 
objection to concrete might, after all, be due to the fact that we 
have not become familiar with it, rather than to any intrinsic fault 
in the material itself. It is my conviction that the people will 
learn to admire and come to like the plain and simple concrete 
house, just as they have learned to appreciate many other plain 
and useful things that former generations regarded as incom- 
plete unless profusely carved and ornamented. 
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To illustrate my meaning, the modern steel railway coach 
with its cement floor might serve as an example as opposed to the 
: highly varnished and over ornate style of car that preceded it. 
We find the trend of critical taste already pronounced in this 
direction, and it will not be long before public taste will follow, 
with concrete affording unexampled opportunity to exemplify it 
in attractive and indestructible dwellings of moderate cost. 
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THE IMPORTANCE AND COST OF CEMENT 
TESTING. 


sy W. Purves Taytor.* 

Although the importance of testing is generally recognized 
by the large consumers of cement, especially those engaged in 
constructing public works, its value, even to the present time, is 
not always apparent to the consumer of smaller quantities. It 
must be remembered that cement is an artificial product made by 
mixing certain ingredients and then treating the mixture in a 
complex mechanical process, so that even if the greatest care is 
exercised as it is in the best plants, certain variations in quality 
must necessarily exist. The ingredients are not by any means 
constant in composition, and hence both the proportions of the 
mixture and the treatment of manufacture must be continually 
changing. It is accordingly unreasonable to expect that any 
cement should invariably be uniform in its qualities and proper- 
ties. The older plants have a certain advantage of experience 
over the newer ones, but, even in these occasional batches of 
inferior cement are produced and allowed to get on the market. 
In the writer’s laboratory all the well-known eastern brands of 
cement are constantly being tested, and no one of them has es- 
caped occasional rejections. 

Reliable manufacturers generally take every precaution to 
prevent defective cement from leaving the mill, and make most 
careful tests to that end, but these tests are subject first to pos- 
sible laboratory errors of sampling and manipulation and sec- 
ondly do not and cannot take into account the alteration in its 
properties that the cement undergoes under certain conditions 
after leaving the mill. These variations and irregularities in the 
cement unavoidable in manufacture and not always discovered 
by mill tests, and which may be vital to the integrity of the 
finished structure, show the importance and the necessity for 
cement testing. 





*Engineer in charge, Testing Laboratory, City Hall, Philadelphia, Pa. 
(210) 
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It is often argued that while testing is necessary for larger 
engineering works it is not as necessary for the smaller con- 
sumers—those erecting small buildings, making concrete blocks, 
or laying sidewalks—while, as a matter of fact, it is especially 
important in these cases, for if there is any particular difference 
in the quality of the material at the mill, it may be taken for 
granted that the poorer cement will be sold where it will not be 
tested. Even the cement rejected on the large works is gener- 
ally sold to a dealer or small consumer. The trouble and cost 
of testing may at first make it seem almost prohibitive, but after 
a user of cement has begun testing and has found the freedom 
it gives from trouble on the work, and has felt the assurance 
that all his structures are safe and permanent, he realizes its 
value and invariably continues it. 

The fact that poor concrete may be made from the best 
cement by reason of the use of an indifferent quality of aggre- 
gate or by careless mixing and placing, is no argument against 
testing cement, but rather one for it, because careful inspection 
during construction will readily detect and correct these condi- 
tions but no field inspection can prevent the use of inferior 
cement. A user of cement who desires the best quality of 
materials must therefore depend upon laboratory tests. 

At the present time, however, it is almost unnecessary to 
advocate cement testing, for its importance has become so gen- 
erally recognized that all important works regard it} as an 
essential accompaniment to concrete work. The vast amount 
of cement now used requiring tests and the ensuing competition 
for decreased cost in testing has led however to an unfortunate 
condition in the testing itself. 

Cement testing is a difficult process requiring experience, 
care, precision, and knowledge, and hence should only be 
entrusted to well qualified. men, but too often this important 
work is relegated to utterly untrained and careless operators 
and the results obtained by such methods are really worse than 
nothing as they often are positively misleading. Many tests 
made at the present time by supposedly responsible parties are 
ridiculous in their inaccuracy, as any one having knowledge of 
this subject will admit. Instances might be cited without num- 
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ber. In one case a cement was rejected as being quick setting, 
but an investigation showed that the test had been made in a 
hot room in a temperature of over 80 degrees and the speci- 
men besides placed directly over a radiator—the cement itself 
was entirely normal. Strength tests are often made by inex- 
perienced boys committing every possible error of manipulation. 
In one case a cement reported as breaking at 125 pounds was 
found to give a strength of over 250 pounds when accurately 
tested. Cases of unjust rejection on the accelerated test for 
soundness through improper manipulation and interpretation of 
the results are by no means uncommon. Of the sieves used 
for testing fineness, not one in four has been properly standard- 
ized. These inaccuracies, it must be remembered, are not only 
found in the small laboratories but only too often in those of 
some reputation, and the cause may be found to be entirely due 
to the desire to cheapen the cost. 

It should be recognized at once that if cement tests are 
made it is worth while to make them well, even at possibly a 
somewhat increased expense. A properly made cement test 
complete is worth to any commercial laboratory from eight to 
ten dollars a sample, with chemical testing at from a dollar and 
a half to two dollars per ingredient extra. Accurate appliances, 
experienced trained operators, and intelligent oversight can not 
be used if the cost is materially less, unless under exceptional 
conditions, and, without this accuracy in the work, tests have 
but little value. When a large laboratory is installed directly 
on the site of construction, testing many samples a day, with no 
charge for collecting the samples, and running at no profit, it 
may be possible to test cement for as low as from I to 2 cents a 
barrel, but for the ordinary concrete jobs it cannot be expected 
to cost much less than 4 or 5 cents a barrel. 

To save time, trouble and some expense, it has become a 
frequent practice to test cement at the mill as it is packed in 
the cars. This is convenient as it does away with the trouble 
of sampling on the work and with the delay of waiting for the 
test, since the seven-day tests may often be completed before 
the car arrives on the work. In spite of this convenience, how- 
ever, the practice is not to be recommended on account of the 
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alteration in its properties that the cement may undergo in the 
interval. This applies particularly to the time of setting. <A 
cement may leave the mill slow-setting and arrive on the work 
very quick-setting, due to temperature or atmospheric condi- 
tions. Even the strength may be altered considerably. Hence 
to be reliable the tests should be made only after the shipment 
is received on the work, even if more trouble is involved 
thereby. If an established brand is being used, I would place 
much more reliance upon a I-day test made on the work than 
upon a seven-day test made on a sample taken at the mill. If 
mill tests are used, however, check tests for time of setting 
should always be made on the work. 

Although the common period for tests is seven days, it is 
often permissible to use a familiar brand on a one-day test, 
for if all the other properties are similar to those commonly 
found it may generally be assumed that the seven-day strength 
will also be similar. A three-day sand test is often a convenient 
guide for the early acceptance of a shipment. 

The tests that give the best indication of the quality of a 
shipment are soundness, sand-strength, setting, fineness and 
percentage of sulphuric acid. Neat strength and specific gravity 
have generally but little value as acceptance requirements. Of 
these tests all can be completed in 30 hours from sampling except 
the seven-day strength. If a three-day sand test is used in 
addition, little if any delay will be necessary while waiting for 
tests. 

In conclusion—well made tests of cement are of the great- 
est importance and value to every consumer of cement, but 
they must be made with the greatest care and only by responsible 
and trained men. If so made, the tests are well worth the time 
and trouble they cost. A cheaply made test, however, is liable 
to prove an expensive investment. 














THE AVAILABILITY OF CONCRETE FOR BRIDGES: 
ITS COST AND DURABILITY. 


By Henry H. Quimsy, M. Am. Soc. C. E.* 





Concrete—either plain or reinforced—as a material for 
bridge construction possesses the merit of being adaptable as a 
substitute, within limits, for both stone masonry and steel frame- 
work, and of combining the qualities of both. It is equal to and 
may be more economical than stone masonry for abutments, piers, 
retaining walls, coping, and parapets, and in many cases makes 
an arch available with its manifold advantages where a stone or 
brick arch would be impracticable. 

It is found also to be an advantageous substitute in the shape 
of jack arches or reinforced slabs for steel floor troughs and 
buckled floor plates on steel bridges, whereby we have a compos- 
ite structure—not strictly reinforced concrete, but a combination 
of steel members and concrete members. The resulting product 
when the design and workmanship are good, is a rigid, enduring 
and economical bridge. 

The limitations of the proper and economical employment of 
concrete in bridge structures can hardly be stated, certainly not 
with any degree of definiteness. Conservative designers are not 
in entire accord with respect to either methods of use or allow- 
able working stresses, and comparisons of value and cost between 
all steel and part or all concrete or reinforced concrete can only 
be made on finished designs and for the same site. Even then 
estimators may not agree as to which will cost the most, and, 
if we may judge by the wide range of prices quoted in contrac- 
tors’ proposals, the contractors themselves cannot more accu- 
rately determine relative values in cost. To the engineer or pur- 
chaser the cost of a bridge is the contract price—the cost to the 
builder should of course be less, The actual cost of a job to the 





* Engineer of Bridges, Philadelphia, Pa. 
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builder is usually not published and is rarely divulged to even 
the engineer, and the latter's basis of estimate must be the bids 
and contract prices previously obtained. 

Any list of costs will exhibit great variation in the figures 
for structures of the same class and similar dimensions and con- 
ditions, and when the almost infinite variety of conditions and 
combinations of varieties are considered, the difficulty of convey- 
ing useful inteiligence on the subject is apparent. The length ; 
of span, width, height, depth and character of foundations, 
length and shape of wings, loads to be carried, amount of filling 
or grading, railing or parapet, character and amount of paving, 
plain or decorative architecture, character of the concrete—plain, 
reinforced, or rubble, market price of materials, and accessibility 
of the work to railroad service, all affect the question of cost. 

It is therefore impracticable to select any unit of measure of 
a bridge and use it as a reliable basis for estimating cost. Ina 
table covering eighteen concrete bridges recently built in Phila- 
delphia the concrete price spread upon the span area—the clear 
span by the width—varies from $3.11 to $9.74 per sq. ft., and it 
varies from $1.73 to $7.39 per sq. ft. of area occupied by the 
ground plan to ends of wings, the latter extremes being not on 
the same bridges as the other two. The average of the lot was 
$6.25 per sq. ft. of span area and $3.50 per sq. ft. over all, most 
of them being single span bridges with long wings, and all being 
highway bridges designed to carry loads of forty tons on two 
axles 20 ft. apart. All have ornamental concrete balustrades and 
washed granolithic surfaces, and paved decks, with electrical 
conduits and manholes, and water-pipe and sewer well-holes, 
and some have pretty deep foundations. 

If the whole contract price be set against the yardage of 
the concrete in the structure the unit costs vary from $8.50 to 
$11.25 per cu. yd. averaging $9.75. 

It is found that in the circumstances under which the bridges 
referred to were built steel plate girder bridges will cost more 
than concrete arches, the difference being considerable. Several 
opportunities for fair comparison have made this clear, as great 
a difference as 25 per cent. of the higher being indicated. This 
saving is in the first cost, and if we add the capitalized cost of 











216 QurmBy ON Cost oF CONCRETE BRIDGEs. 


proper maintenance of the steel structure—which seems to be a 
fair element in the comparison—the advantage of the concrete 
arch appears far greater. A real money value also attaches to 
the superior beauty and attractiveness of a decorative arch 
structure in almost any locality 





a question that almost always 
is the subject of consideration and decision in designing public 
work, for it must be determined what amount is proper to be 
expended for mere appearance. 

The composite bridges—steel structural frame with con- 
crete envelope 





share with the arches or at least promise to— 
the quality of permanence, and therefore, exemption from expen- 
sive maintenance charges. As between the ordinary steel plate 














FIG. I.—BRIDGE OVER PENNSYLVANIA RAILROAD, BELMONT AND GIRARD AVENUES, 
PHILADELPHIA, PA. STEEL COLUMNS, GIRDERS AND FLOOR MEMBERS 
ENCASED IN CONCRETE. 


girder bridge with buckled plate floor for permanent paving, and 
the composite type, the lower first cost is with the composite 
if the spans be short, for the greater dead weight of the concrete 
floor tells on the long main girders whose section is usually 
determined by the general load—dead plus distributed live— 
while the individual floor members are determined by the heavy 
concentrated live load. The embedment of the floor stringers 
or joists in the concrete jack-arch construction effects a saving 
of steel, first by dispensing with floor plates, and second by per- 
mitting lighter stringers to be used, for the jack-arches distribute 
a concentrated load over say three beams where with a buckled 
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plate floor each beam must carry the whole concentration, and, 
besides, the embedment of a beam in concrete increases its carry- 
ing capacity about one-third. Fig. 1 shows a bridge of this type. 

Where it is the practice to protect steel over railroad loco- 
motive service by means of a wooden ceiling under the whole 
underside of the bridge the economy of the concrete floor is more 
marked because such a ceiling costs about 25 cts. per sq. ft. and 
lasts only a few years. This first cost alone will pay for about one 
cubic foot of concrete in the floor, and only about 15 to 18 ins. 
average thickness of floor concrete is required. As steel floor 














FIG. 2.— BRIDGE OVER FRANKFORD CREEK AT WYOMING AVENUE, PHILADELPHIA, 
PA. gO FT. CLEAR SPAN. RUBBLE CONCRETE THROUGHOUT, NOT REIN- 
FORCED, CONCRETE BALUSTRADE, 


plates with their riveting cost from 50 to 70 cts. per sq. ft. the 
concrete floor appears to cost only about one-half as much as an 
all steel floor, besides saving materially in the stringers. Floor- 
beams may or may not be required heavier to carry the concrete 
floor. If they are not very long the value of the concrete em- 
bedment may make up for the increased dead load stress. The 
main girders will need to be heavier than for the steel floor 
because little or no value can safely be assumed to be derived 
from the concrete casing, 
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The cost of concrete bridge work of almost all classes can be 
materially reduced and the service value of the concrete at the 
same time increased by the embedment in the concrete of suitable 
hard stone in size from that of spalls to the largest that can be 
conveniently handled or that will be comfortably accommodated 
in the compass of the forms. The economy of this construction 
depends upon the cost and shape of the embedded stone and the 
amount embedded without too much labor expended and without 
restricting the output of the concrete plant. It has been found 
that the percentage of the volume of the finished work that such 
stone amounts to varies from 25 to 40, or from 33 to 66 per cent. 














PIG. 3.—BRIDGE AT ROCKLAND STREET OVER NORTH PENN RAILROAD, PHILADEL- 
PHIA, PA. 60 FT. CLEAR SPAN; RUBBLE CONCRETE ABUTMENTS, WALLS AND 
BALUSTRADE. REINFORCED CONCRETE ARCH, 


of the volume of the mixer concrete, according to the shape of 
the stone and the care taken in placing it. 

The cost of handling and placing this approximate third is 
probably about equal to that of mixing and handling and placing 
an equal volume of concrete. The saving therefore should be 
the difference between the delivered cost of the concrete materials 
and that of the stone. If the stone delivered costs one-half as 
much as the cement and sand and gravel that when mixed equals 
it in volume, and if the embedded stone amounts to only one- 
third of the finished work, then the cost per cubic yard of the 
finished work is 80 per cent. of that of plain concrete. 





reese 


eR PRE 


ACO) 





ee ee 





COSTS OF REINFORCED CONCRETE BRIDGES 
ESPECIALLY WITH REGARD TO 
MAINTENANCE. 


By E. P. Goopricu, M. Am. Soc. C. E.* 





In an informal discussion on the subject of steel-concrete 
arches and other structures of similar composition, held at the 
Annual Convention of the American Society of Civil Engi- 
neers, June 26, 1906, two almost opposite opinions were expressed 
with regard to the relative costs of structural steel and of rein- 
forced concrete for bridges. 

Mr. R. S. Buck, while acknowledging “his limited experience 
with the system,” in his opening remarks, stated that the develop- 
ment of reinforced concrete workt 


has been largely in the hands of contractors and contracting engineers, 
with whom a vital point has been to bring it in competition with all- 
steel construction. In this, the speaker inclines to think, there has 
been rather an unfortunate disposition to reduce the cost unduly at the 
sacrifice of certainty, stability and durability. It is not possible to 
construct a steel-concrete arch that will compare in cost with an all- 
steel bridge and at the same time furnish the desired characteristics 
to be reasonably looked for in a masonry arch. 

The steel-concrete bridge possesses sufficient merits, the speaker 
believes, when designed on conservative lines, to often reduce the 
question of first cost to a minor position; and if it cannot do this it is a 
good form of bridge to let alone. 


The opposite idea was conservatively expressed by Mr. 
J. R. Worcester, as follows :} 


One statement by Mr. Buck, if correctly understood, that there could 
be no comparison between the cost of steel-concrete bridges and steel 
bridges seems to the speaker to be true only when one factor, that is, the 
cost of the abutments for the steel bridges, is left out of consideration. 

The speaker's experience is, that, in the case of a highway bridge of 
moderate span, a comparison between a steel-concrete bridge and one of 
steel with buckle-plate floor filled on top, will show that the steel-concrete 
bridge is considerably cheaper; and that where good foundations are easily 





* Consulting Engineer, New York, N. Y. 
+ Trans. Am. Soc. C. E., vol. XLVI, p. 95. 
t Op. cit., p. 101. 
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obtained, if the total cost of bridge and abutments is included in the 
comparison, there is a fair chance for steel-concrete construction to com- 
pete with all-steel. 

3etween these two views there is sure to be a middle ground 
of fact, the boundaries of which may, however, be difficult to 
define, but after nearly ten years of phenomenal development in 
concrete construction some added experience has thrown addi- 
tional light on the subject. 

At the quarterly meeting of the Association of American 
Portland Cement Manufacturers, held in Philadelphia, April 10, 
1907, Mr. George S. Webster discussed the subject of “Concrete 
Bridges.” In it he described briefly the Walnut Lane Bridge in 
Philadelphia. In answer to an inquiry, he said :* 

The contract price for the bridge was $262,000. A steel bridge would 
probably cost less in this location; a stone bridge approximately fifty per 
cent. more. The additional cost of this bridge over one of steel is due 
to the cost of centering. As the bridge is located in Fairmount Park and 
over the picturesque Wissahickon Creek, a steel bridge would be inappro- 
priate with the surroundings. 

A MEMBER: 

Have you stopped building steel bridges? 

Mr. WEBSTER: 

We have not. The bridge at Girard and Belmont Avenues over the 
Pennsylvania Railroad is of steel. The outline and shape of it is such 
and the clearance is so small that it would be difficult to design any- 
thing but a steel bridge in that position. 

In this case it is to be observed that no real competition took 
place between those advocating concrete and those who exploit 
steel bridges. A decision was reached requiring the construction 
of concrete and the first cost was of rather secondary considera- 
tion. And that has come to be the general attitude of those 
associated with the selection of types of bridges for given sites 
much more than was the case eight or ten years ago. At that 
time alternate bids were often asked for steel bridges and also 
for concrete arch construction. Among many such cases the 
following may be cited, wherein the reinforced concrete design 
carried an estimated cheaper first cost: 

(a) A seven-span bridge of concrete at Waterloo, Iowa, cost $54,000, 
or $1.80 per sq. ft., while the lowest bid for a plate girder construction 
was higher. 





* Bulletin No. 1s, Assoc. Am. Portland Cement Mfrs., p. 11. 
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(b)A seven-span bridge of concrete at Dayton, Ohio, cost $123,170. 
Eight bids were received for a steel plate girder design and seven on the 
concrete-steel design. The latter were about $10,000 the lowest. 

(c) A 120-foot span concrete bridge at Lansing, Mich., cost $31,000, 
while the lowest of the three steel bids was $35,000. 

(d) While not strictly a competition, it is to be noted that with 
regard to the Sandy Hill 15-span concrete bridge, which cost $77,000, 
Prof. William H. Burr, in a letter to the writer says: “I am very sure 
that a steel bridge to carry the same loads could not have been built for 
much, if any, less cost than the reinforced concrete structure.” 

(ce) A cheap but substantial highway bridge in Wabash County, Ind., 
which was guaranteed flood proof, cost $573 in competition with steel 
bridges and plain concrete culverts of same span and roadway, the lowest 
bid on steel being $665 and on plain concrete $943. 

(f) The Illinois Central Railroad erected a bridge ovet the Big 
Muddy River for the following approximate amounts: 


WeOtk TOF TRUPORE COMMDRIE oii oik cn co ss nace kacesescns $34,402 
E,W bors i og dae can keds oes ehcaasa cau 72,128 
a TRE a ik AR Aes? Ee 
CHO SUNS: 66.5 va beak 23s SRK AIS 7,200 
| Ee EOE, ye Pee eek Pee ee ere 6,700 

$124,881 


This may be compared with the cost of enlarging or rebuilding the original 
piers and abutments and placing thereon a superstructure of three double- 
track steel spans built to carry the present standard loading, estimated as 
follows: 


ee PTC en, Pere) ee eer $30,000 
DON sn ciilda dacs Can taneous ARS eS ERD h véREGeEO RA 10,000 
Sia: ee ah: 3.08 CAN y 5 hei Koes 5 7A aESS Cac tess 75,180 
PCT OUR WINE io is ak 66090 80 i600 eee er cnawecade 10,500 

$125,680 


(g) At Yorktown, Ind., was erected a 95-foot span highway bridge 
for about $100 less than the lowest bid for a steel truss bridge of the same 
span. The construction was completed and the bridge thrown open for 
traffic in only a little more than sixty days after the award of the contract. 


On the other hand steel often is of less first cost than con- 
crete: 

(a) In the case of the Junction Hollow Bridge in Schenley Park, 
Pittsburg, a concrete arch estimated to cost $7 per sq. ft. is described as 
“only a trifle more than was paid for the steel arch which was accepted 
and built.” 
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(b) At Stockbridge, a small foot bridge over the Housatonic, if built 
of iron, was estimated to cost $1,475, while the concrete one actually 
erected cost more than that figure, because of bad foundations. 

(c) The competitive plans prepared for the Memorial Bridge over 
the Potomac, for the Chief Engineer of the Army, included several dif- 
ferent designs in concrete. It is said that a steel structure for the same 
site would have cost about 33 per cent. less than that of the winning 
design in reinforced concrete. 

(d) In the competition for a bridge at Plainwell, Mich., twenty-three 
proposals were submitted for different types of steel bridges, varying in 
price from $14,000 to $26,000; all the leading builders in the country being 
represented. For concrete-steel construction, six bids were received, rang- 
ing from $16,000 to $27,000. The Board favored a concrete bridge, but 
the only bid within the appropriation ($20,000) was rejected on account 
of faulty ‘design. At an adjourned letting, three bids were received for 
concrete-steel, varying from $19,900 to $20,500, 


Some other comparisons in first cost may also be instructive: 


(a) For a bridge over the Neutra at Neuhansel, in Hungary, a con- 
crete bridge consisting of six spans, each 55.8 feet in the clear, cost $13,700, 
while a wooden one of twelve spans was estimated to cost $12,000. 

(b) The concrete arch over Park Avenue, in Eden Park, Cincinnati, 
cost $7,130, while a stone structure was estimated at $12,000. 

(c) At Belleville, Ill., for a bridge over Richmond Creek, plans were 
prepared for bridges of iron, stone, brick and concrete. Bids were received 
on the last two named only and ranged between $11,259 and $12,830 for a 
brick arch, and between $10,433 and $12,110 for concrete. 

(d) At Indianapolis, the lowest price received for building two Melan 
bridges was $105,340, the lowest price for stone bridges being $140,906. 
Steel bridges, although somewhat lower in cost than the concrete ones, 
were rejected on account of their inferior beauty and their temporary 
character. 


In an interview with Mr. Edwin Thatcher, the Nestor of 
concrete bridge builders of the United States, he stated that 
concrete could almost always compete with steel for highway 
structures whenever the floor in each case was to be paved like 
the street surface. When, however, a plank floor was allowed 
in the case of the steel structures, concrete could not usually com- 
pete successfully, simply on the basis of first cost. Concrete has 
not been used to any great extent in railroad work except for 
spans so short as to class the structure as a culvert. The Florida 
East Coast Railway is a case, however, where many miles of con- 
crete arch viaduct were erected and steel structures were not con- 
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sidered, the writer is told. Other railroads are also taking up this 
class of construction more and more as time passes and it will 
doubtless soon be recognized as a special type of construction 
for inspection and other purposes. . 

Mr. George P. Carver, in his hand book on Reinforced Con- 
crete, gives detailed estimates of concrete arch bridges of 50, 75 
and 100 ft. span, 28 ft. wide, from which he has prepared a curve 
of costs to be used in roughly estimating such structures for inter- 
urban railroad use. 
The estimates are as follows: 


SPAN, 50 FT.; WIDTH, 28 FT. 





Steel, 27.700 Ths., at 354 COMES. tiaci sci isccece $692.50 
Steel placing, 27,700 lbs., at I cent............. 277.00 4 
Dormant at BE Ser Ct. Wis ccs Sie tn cc aauens 370.00 
NT ae A Se errr os Cavers 962.00 
Pee, FE Oe. “WR, BE Es. 0s chan atsa capes as 185.00 
: Ree: 0 Ce. PER. SEG is ee te BS 740.00 
Mixing and placing 370 cu. yds. at $1.50...... 555.00 
i 
: $3,781.50 
’ Incidefitals add 15 Per Cettt. 6... oss cececkisene 567.22 ) 
; See. 
' $4,348.72 : 
: Profit adf@ 60 pet CO . s shscaw cds sdiciosetas 434.87 
a 
$4,783.59 
SPAN, 75 FT.; WIDTH, 28 FT. 
Steel, s8800 the: at 234 cemte. 6..6655..0 0. wss ds $9070.00 
Placing steel, 38,800 lbs., at 1 cent............. 388.00 ; 
Pormwetic. at-31 pete: 9. os i Fen os 740.00 ) 
Cement, 960. this; 86:92....5.....0.64. 500 40 
eid: apo em; Se OE Biss sided. eae iss 370.00 
meet, Wem cu. wees Mt OR) a kiics ads ids Celeats 1,480.00 
Mixing and placing 740 cu. yds. at $1.50...... 1,110.00 
$6,982.00 
: incidentals add 1% én Cémt. |... sib 6%. seasick 1,047.30 | 
$8,029.30 | 
' Pent. 88 66 er Cette ss ke SeKisies wedi 802.93 ) 
$8,832.23 





| 
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SPAN, 100 FT.; WIDTH, 28 FT. 


meeen Seno lps, Bt 254 cents... .... 2.6.62. 0 6s $1,391.25 
Placing steel, 55,650 lIbs., at 1 cent............. 556.50 
Formwork at $1 per cu. yd. .................. 1,008.00 
NN SR 2,620.00 
I I ET ccna esos ane e'o as 504.00 
Se i” a ee 2,016.00 
Mixing and placing 1,008 cu. yds. at $1.50..... 1,512.00 


$9,607.75 
PGUEOGRNIS BGG FS PEC CONE... ocrce ccc csseces 1,441.16 
$11,048.91 
RE AE BOP OE COU oS ssn bath dic sb eccdsoscs 1,104.89 





$12,153.80 


Table I gives some of the dimensions and costs of a number 
of arches. In the case of single arch spans, the cost per square 
foot is computed from face to face of abutments and out to out 
of railings. 

Continental European practice is well described by Prof. 
Morsch in “Eisenbetonbau.” Translations of the pertinent parts 
of this book are as follows: 


In the early stages of railroad construction, culverts, roofed with 
natural stone, were extensively employed. With the advent of concrete 
and of cement pipe, arched conduits, easily constructed in concrete, or for 
smaller openings, concrete pipes were substituted. With the introduction 
of reinforced concrete, however, slab culverts again became useful. Since 
it is possible with the aid of reinforcement to make the concrete slab 
resist any bending stress, the span of the slab on the clear way through 
these culverts can be increased to about 6.5 m. (21 ft.), so that their field 
of usefulness has been greatly extended. The span might be still further 
increased, but beyond about 5 m. (16 ft.) T-beams are cheaper than 
simple slabs. . . . The usual arrangement is (then) to span the opening 
with several similar parallel girders and lay a floor slab between them. 

. T-beam bridges of this type, of spans up to 16 m. (52 ft.), are 
entirely practicable and in most cases cheaper than steel bridges. Special 
instances exist of 20 m. (66 ft.) spans. . . With wider spans, the 
girders become rather heavy, so that T-beam bridges possess little supe- 
riority over steel ones. 

An important advantage of such reinforced concrete bridges over 
railways is that they are not affected by the gases from the locomotives, 
which, in the case of busy stretches of track, and where difficult of 
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access, cause active corrosion and high maintenance charges for steel struc- 
tures. . . . If the length of a horizontal reinforced concrete bridge 
is greater than 16 to 20 m. (43 to 66 ft.) intermediate supports must be 
provided. 

In straight girder bridges of greater lengths an expansion joint must 
be provided about every fourth opening. 

In arched bridges, reinforced concrete can be employed either for the 
arch alone, or the superstructure, including the roadway, or in all struc- 
tural parts. , 

In medium spans, of 40 to 50 m. (130 to 165 ft.), the employment of 
reinforced concrete as the arch material is less frequent, since, in this 
case, provided a proper profile has been employed, no tensile stresses 
occur because of the large dead load. On the other hand, reinforced 
concrete is better adapted for long spans. If the safe compressive stress 
in the arch is not to be exceeded, it is necessary to limit the weight of the 
superstructure, and this can be done by a suitable employment of rein- 
forced concrete. In this way the dead load stresses will be greatly reduced, 
but the small edge stress may decrease to zero or change to tension under 
unfavorable live loads, so that the reinforcement is again necessary. 

In consequence, where it is desired in small and medium spans that 
no tensile stresses shall exist, or in other words, where only mass concrete 
work is employed, the superstructure cannot be kept too light. A light 
superstructure is then justifiable only when demanded for architectural 
reasons or when it is necessary to impose as little weight as possible on 
the foundations. 

The arches can be constructed as restrained or as three-hinged by 
using suitable material. 


A large number of examples are given of each type of con- 
struction mentioned. Among them are included the three-hinged 
arch in Grunwold over the Isar. It is 220 m. (772 ft.) long, 
including two main spans of 70 m. (230 ft.), with a rise of 12.8 m. 
(42 ft.). The floor has a width of 8 m. (26.2 ft.) between rails. 
Prof. Morsch (who was also the designer) finally remarks: 

Since the actual cost of the bridge was only about 260,000 m. ($62,000 
approximately), it is demonstrated, as far as the Grunwold-Isar bridge is 
concerned, that arched bridges with a proper arrangement of reinforced 
concrete and of large span, can compete successfully with steel con- 
struction. 

In this connection it should be noted that such published 
lump costs as appear from time to time in the technical magazines, 
should not necessarily be interpreted as the actual construction 
costs of the work, unless the contractor is known to be one of 
long experience in bridge erection. The governing bodies of 
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municipalities, counties, companies, etc., are altogether too prone 
to accept the lowest bid in a competition, irrespective of the 
qualifications of the bidder. Many inexperienced men have sub- 
mitted figures on work which they were unable to compass, when 
put to the actual test, often losing heavily but being compelled 
for business reasons to shoulder the loss and say nothing. In 
other and rarer cases, the work has suffered to a dangerous degree 
and the municipality or other body for which the bridge was 
erected has lost much-more through costs of repairs, than the 
difference between the lowest actual and the lowest responsible 
bid. Such bodies will usually save money in the long run by 
retaining the services of one of the several expert concrete engi- 
neers now to be found in this country, who will either prepare 
a single design upon which all bidders can base their figures, or 
prepare specifications calling for detailed designs accompanying 
each bid, with the privilege retained of accepting any bid which 
is considered as best meeting the requirements of the case. A 
waiver should also be exacted of each bidder, concerning any 
claim whatsoever for himself or any other if his bid is not 
accepted. 

All the costs contained in Table I are first costs, or the 
initial expenditure, which is almost invariably financed by an 
issue of bonds by the municipality, township, or corporation under- 
taking the erection of the structure. These bonds usually carry 
about four per cent. interest and run for a period of from twenty 
to fifty years, provision for their retirement being made by the 
establishment of a sinking fund in which is placed a small yearly 
percentage raised by taxation or derived from income. The 
gross amount of these two annual obligations thus usually amounts 
to between six and ten per cent. of the cost of the structure. This 
condition is the same, irrespective of its type, the only point being 
the reduction of this yearly expenditure to a minimum by cutting 
down the first cost as much as possible and extending the life of 
the bonds as much as advisable so as to reduce the. annual amor- 
tization charge. Obviously, the bond period should not extend 
over a greater period than the life of the structure. 

The question then immediately arises as to the probable 
relative and actual lives of various types of bridges. Stone arch 


| 
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bridges have been in existence from the times of antiquity, but 
the advocates of steel structures will say “they were not built of 
concrete.” In the south of France is a concrete arch bridge 
known as the Pont du Gard which was erected in the year 56 B. C. 
The concrete in this was not composed of crushed stone or other 
small aggregate of the variety now employed in concrete bridge 
work, but was of the old style, consisting of alternate layers of 
large and small stones, gravel, etc., and of cementitious materials. 
Vitruvius describes the materials and methods in use before the 
Christian era and other writers like Alberti in 1485 and Polladio 
in 1570 accurately describe the method which “the ancients” 
(as they call them) employed, “of using boards laid on edge and 
filling the space between with cement and all sorts of small and 
large stones mingled together.” It is very improbable that the 
Pont du Gard would have withstood the vigours of climate of the 
Northern United States, but its actual state of preservation, as 
well as that of many other specimens of ancient concrete work, 
proves that if modern work is honestly executed, it will many 
times outlast any reasonable bond period, so that a very small 
yearly sinking fund per cent. is all that is required for properly 
designed and erected concrete work. 

Fr. von Emperger, M. Ans. Soc. E. and S., in a paper read 
before the American Society of Civil Engineers in April, 1894, 
writes as follows: 

It is not out of place to remember that quite a number of concrete 
structures, in addition to the Roman water conduits, have stood through 
centuries; as, for instance, the cross-arched vaulting (78 ft. span) over 
the bath of Diocletian, in “Hexedra amplissima,” and the parabolic main 
aisle of St. Peter’s (87 ft. span and 150 ft. rise), both in Rome. 

Speaking of modern structures, the writer may mention the bridge 
over the Isere, France (span, 85 ft.; rise, 8.5 ft., and 2.5 ft. thickness in 
crown); the bridges over the Saevale and the Iregua near Torio, Spain 
(spans, 33 ft.; rise, 7.5 ft., and 3 ft. thickness in crown), and the aqueduct 
at Vannes, France, built in 1868-60. se 

In the latter the arches have 75 and 125 ft. span. Later on, the Pont 
d’Alma and Pont Napoleon were built as railway viaducts near Paris, 
spans about 140 ft. and one-tenth rise. Another more recent example 
(1873) is a bridge of 105 ft. span, 13 ft. rise and 20 in. thickness at the 
apex, near Erlach, Germany. 

In the photograph of the Aqueduct of Vejus reproduced 
in that paper, the characteristic appearance of concrete is visible 
at many points. 
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To steel or wooden structures, on the other hand, only a 
relatively short life can be assigned at best. Wood will be dis- 
missed without further comment, except to remark that, in some 
parts of the West where wood is exceedingly cheap and where 
steel and cement can be obtained only after being transported 
very long distances, so that their costs are very high (from the 
heavy freight rates made necessary), it may be possible that 
wooden structures involve the smallest yearly charge, in spite of 
their very short life, even when treated with creosote or other 
preservatives. 

Turning to steel then as the only real competitor of concrete, 
a remark ascribed to the late George S. Morrison is often repeated, 
that 


Steel bridges are built to last fifty years, but they do usually last 
hardly half that time. 


This condition is due to insufficient or entire absence of main- 
tenance. The writer has been told of one highway bridge in 
Wisconsin which had to be replaced after only eight years of 
service. Of course this is an exceptional case. Steel bridges 
over railroad tracks where locomotive gases can produce their 
full destructive effect, have been known to last just about the same 
period. Morsch cites an example of a girder erected in 1886 
and found with its web entirely eaten away at many points, in 
1907. 

In a paper read by Prof. C. M. Spoffard and Mr. F. H. Fay, 
Dec. 16, 1908, before the Boston Society of Civil Engineers, the 
Boylston street bridge over the Boston and Albany Railroad tracks 
in Boston is described and its history recounted. It was originally 
erected in 1888, with small clearance between the floor system 
and the locomotive stacks. It was subject to almost constant 
train service, and except for the top chords, was practically built 
anew in 1908. In the new structure, all floor beams, etc., were 
protected with concrete, while the bottom chords were raised 
above the level of the floor planking, which thus protects them. 

Where highway bridges are properly maintained, even 
when subjected to the action of locomotive gases, they have been 
known to last much nearer the theoretical limit assigned them by 
Mr. Morrison than this one last cited. On the New York Central 
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Railroad are several which were erected as long ago as 1868, 1874, 
1875, 1875, 1876, 1876, 1877, 1884, 1884, etc. These figures in 
each case give the actual dates of erection of special structures. 
The great total, and almost steady yearly, increase in weight in 
railroad rolling stock during the past twenty years has made it 
necessary for practically all of the older roads to rebuild and 
strengthened their track structures, so that little real information 
is obtainable as to the possible life of a steel bridge. With careful 
inspection and maintenance there is really no reason why a well- 
constructed steel bridge should not last indefinitely, and such 
structures as Brooklyn Bridge (built in 1884, for example), or the 
Niagara Arches, may be expected to see many generations. 

In the Technograph of the University of Illinois, for 1893, 
Mr, Albert F. Robinson, Engineer of Bridges and Buildings of 
the C., R. I. & P. Ry., states the principle that the life of steel 
railroad bridges is only fifteen years because they must all be 
rebuilt to accommodate heavier traffic at intervals of about that 
length. Mr. G. W. Kittredge, Chief Engineer of the New York 
Central system, stated to the writer that they had practically re- 
built all the bridges on their system during the past few years 
commencing in 1900, but that while those in the list mentioned 
above had largely been strengthened, the old portions were still 
in excellent condition. He stated further, that when the Grand 
Central Station train shed was removed this year, it was found 
in remarkably perfect condition. It was erected in 1870, of 
wrought iron imported from England. The Cincinnati and 
Southern Railway was built about 1880, and the bridges along its 
line were constructed in an especially substantial manner and in 
accordance with specifications which were then considered as 
particularly advanced. Nevertheless, about 1900 it became abso- 
lutely essential to rebuild them and the past five years has 
seen a gradual reconstruction throughout the whole system. 
Again in this instance the twenty-year interval is apparent as the 
maximum period for special bridge bonds, if they were to be 
issued. 

A conservative deduction from the above mentioned, and 
many other observations, would lead to the conclusion that ordi- 
nary highway bridges should not be assigned an average life ex- 
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ceeding twenty years at most, and fifteen would be a really better 
period to which to limit the life of steel highway bridge bonds. 
Railroad bridges usually receive better care, and their life may be 
considered as somewhat longer, except that from time to time 
they must be strengthened in order to make them safe for in- 
creased loads. 

Mr. Robinson, in the paper cited above, presents estimates 
of the costs of strengthening single track structures of different 
lengths, assumed to have been erected about 1882 in accordance 
with the standard specifications of the Erie Railroad, issued 
about 1879, and so rebuilt as to conform to the standard specifi- 
cations of the Lehigh Valley Railroad, prepared in 1892. In 
condensed form they are as follows: 


Length in Feet. Cost in 1882. Cost of Strength- Per cent. 
ening in 1597. 

sks Peas Rie eee toe $901.10 $377.27 41.4 
ee Tere ere ee ee 1,344.20 580.50 43.0 
_, HEEL CORE CEE Te 1,816.20 713.50 39-25 
Be clerk te Bi bho uk a % 68510 mail 3,036.20 1,408.15 46.0 
Rr rere ee 4,539.00 1,925.50 42.0 
| PES CEE R ERECT 6,018.00 2,857.30 47-0 
Se eee ee ae a eee ee 7,792.28 3573-90 46.0 
Na 6a oe in ea iass dnjedig eel eden 9,929.70 4,388.35 44.0 
PP ak 50594 oka s eek esi 11,679.00 5,158.50 44.0 


These figures reveal the average percentage of cost of re- 
newal to be 43.6. This is in addition to the regular maintenance 
costs and is equivalent to about 3 per cent. per annum, correspond- 
ing to a life of about thirty-five years for the original structure, 
computed on this purely theoretical basis. 

In discussing this subject it is very difficult to separate the 
annual depreciation from the maintenance costs. Lumping all 
such items together, the New York Central assumes five per cent. 
per annum as the amount on which to base all maintenance and 
depreciation charges when contracting with municipalities con- 
cerning railroad and highway crossing structures. Since this 
figure is to cover all charges of whatsoever kind, it is necessary 
to assign somewhat more than this figure or about thirty years as 
the assumed life of the bridge and thus a somewhat arbitrary 
but fairly satisfactory rate of depreciation can be assumed for all 
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steel bridges. On this basis, at least five per cent. should always 
be assumed as the yearly amortization rate for such structures, 
against not to exceed 2 per cent., corresponding with a bond 
period of fifty years, for concrete ones, irrespective of first cost. 

Turning now to the subject of maintenance, pure and simple, 
nothing has yet been written better than the Preliminary Report 
of the Committee on Iron and Steel Structures of the American 
Railway Engineering and Maintenance of Way Association, con- 
tained in Bulletin No. 81, an extract from which is as follows: 


The maintenance of a metal bridge consists in the prevention of 
deterioration by rust and wear, the repairing of all damage resulting from 
internal or external causes, and the necessary strengthening of the struc- 
ture if called upon to carry loads heavier than those for which it was 
designed. 

To attain these ends the structure must be kept free from rust by 
proper cleaning and painting, motion between the various parts must be 
reduced to a minimum, expansion joints must be kept working freely, all 
defects and injuries must be promptly discovered and repaired and its 
capacity determined as accurately as possible. 

The purpose of an inspection are to ascertain the condition and 
safety of the structure and to determine the amount and rate of 
deterioration and the necessity for repairs or rencwal. Ordinarily a 
thorough annual inspection made by a competent inspector will suffice 
for most cases where the bridge is properly constructed and is not over- 
loaded. On the other hand, nothing short of a daily inspection will be 
sufficient to discover with sufficient promptness the damage caused by an 
accidental blow. 

Between these two extremes there are many reasons for making 
inspections of more or less thoroughness and frequency. 

The following scheme for inspection seems to be an average of the 
practice of the various roads replying to the circular. It is applicable to 
either the divisional or departmental system of maintenance: 


(1) By trackmen daily in connection with the inspection of the track, 
to note especially whether the structure has suffered any damage from 
drift, high water, slides or objects falling from cars and any movement 
of the substructure. 

(2) Monthly by a member of a bridge gang reporting through the 
foreman to the Supervisor of Bridges and Buildings, to ascertain condition 
and safety of structure and repairs necessary. 

(3) Annually by an inspector, to obtain a detailed report of the 
condition of the structure for office record and to determine the amount 
of deterioration, safety and necessity for repairs or renewals. 

(4) Annually by the authorities having charge of the structure, to 
determine the necessity for extensive repairs or reinforcement or renewals. 
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In addition to the foregoing, special examination should be made as 
occasion may require as follows: 


(a) Of structures that are strained high or show signs of distress 
under traffic. 

(b) Of substructures showing signs of movement until it has been 
ascertained that a state of stable equilibrium has been reached, or until 
movement becomes so great that rebuilding is necessary. 

(c) After heavy freights for evidence of damage to superstructure by 
drift and to substructure by scour. 

(d) By Engineering Department whenever a structure is reported as 
requiring repairs or renewals. 


The items which are to be noted by the inspector, as required 
by the Oregon Short Line Railroad, are as follows: 


I. Class of structure. 25. Line camber. 

2. Length. 26. Tension members. 

3. Opening of spans. 27. Compression members. 
Height to base of rail. 28. Floor beams, attachments. 

5. Approaches. 29. Lateral connections. 

6. Ties. 30. Hangers. 

7. Rails. 31. Long suspenders. 

8. Spike. 32. Loose pins or nuts. 

g. Guard rails. 33. Loose rivets. 

10. Stringers, attachments. 34. Drain holes. 

11. Corbels. 35. Vibration. 

12. Caps, sills, timber walls. 36. Deflection. 

13. Posts or piles. 37. Painting. 

14. Sway braces. 38. Wall plates. 

15. Waterway. 39. Bolsters. 

16. Culvert pipe. 40. Angle blocks. 

17. Box culverts. 41. Bottom chord joints. 

18. Paving. 42. Chord bolts. 

19. Bench and end walls. 43. Clamps and packing. 

20. Ring or covering stone. 44. Gib plates. 

21. Piers and abutments. 45. Covering. 

22. Pedestal blocks. 46. Water barrels, 

23. Bed plates. 47. Ladders. 


24. Anchor bolts. 


This list is somewhat more detailed than are those of many 
other roads, but the number of items mentioned only shows the 
more clearly the necessity for constant and rigid inspection of 
such structures and the many points from which trouble may 
arise. 
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For comparison with the foregoing, herewith is submitted 
a somewhat similar list of items concerning concrete or stone 
arch bridges. 


1. Class of structures. 11. Paving. 

2. Length. ’ 12. Soffets. 

3. Openings or spans. 13. Spandrels. 

4. Height to base of rail. 14. Abutments. 

5. Approaches. 15. Wing walls. 

6. Ties. 16. Piers. 

7. Rails. 17. Parapets. 

8. Spikes. 18. Drain holes. 

9g. Guard rails. 19. Expansion joints. 

10. Waterway. 20. Vibration and deflection. 


The points to be noted are almost entirely cracks; their 
location, width, length, depth and water bearing qualities. Their 
location will determine to a certain extent whether they are due 
to settlement or spreading of abutments, to setting, shrinkage, 
changes of temperature, or overloading. Their change of size 
with variation in load, humidity, temperature, etc., will afford 
further information, especially as to their cause and cure. The 
amount of water coming through them and its quality is of impor- 
tance in determining the dangerousness of their existence from 
another point of view. 

In properly reinforced concrete, failure is sure to be very 
gradual so that there is less chance for accident than in some 
other types of structure, nevertheless, it is wise to inspect them 
just as frequently as is done on other varieties of bridges. Their 
foundations should be given especial care in original design, in 
construction, and in periodical inspection after completion, because 
there is almost invariably a smaller waterway left in the design 
of arch bridges, than in the case of the vertical abutments for a 
steel bridge. Worse scouring, especially in time of flood, may 
thus be produced and inspectors should note all phenomena 
along this line. On the whole, therefore, no saving can be made 
in the costs of inspection by the erection of concrete structures 
in place of steel, and hence this small but important item can be 
ignored in making a comparison. 
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One of the best known reinforced concrete construction 
companies gives the following reasons for the choice of concrete 


structures in place of steel: 


STEEL BRIDGE. 


ee eee eee ) 
a ae » All come from out of town. 
Oe ee 


( Unsightly. 

Costly to maintain in roadway and paint. 
Constantly in need of inspection. 

Short lived. 

With wooden floor in danger of burning. 
Subject to rust in hidden parts. 

Noisy under traffic. 


When built the 
bridge is 





In general use’ only because up to the introduction of the reinforced 
concrete arch it was the only fairly durable low-priced bridge. 


REINFORCED CONCRETE BRIDGE. 
Most of the carpenter and other labor is hired in the town. 


eT eee ore 
Sand 

EE seach ae ees 
CE 2G cand 
eee ‘ 
FOORUIE «as <5.0 ccs 
ree eer 


Money for all these goes into the business of the 
town. 





It increases in strength as it grows older. 
When the bridge]! It is the most graceful bridge made. 
“| rer There is no maintenance expense. 
It is quiet under traffic. 
When maintenance of a steel bridge is considered, a reinforced con- 


crete bridge shows economy of investment. 


It is the last claim in which the present interest centers and 
by the foregoing presentation, the only points now left open for 
comparison are costs of roadway renewal and of repainting. The 
former is a most difficult matter for determination since a con- 
crete structure will always carry the regular railroad ballast 
and track, or the highway or street surfacing, which has to be 
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maintained only to the same extent as the adjoining thoroughfare. 
It has already been stated that concrete cannot usually compete 
with steel highway bridges (as to first cost), when the latter are 
to be designed with plank flooring. The life of this material 
is extremely variable, depending almost entirely on the density of 
traffic. On Brooklyn Bridge the 2% inch spruce plank of the 
wearing surface must be replaced about every four months, while 
the writer has known of country highway bridges in which the 
flooring rotted away so as to need renewal before the traffic had 
produced enough wear to necessitate relaying. Between these 
two extremes the conditions are so wide as to make this item 
too indefinite to be entertained except in cases or locations 
where the wear and cost of renewal are known. In such an in- 
stance it is only necessary to estimate the yearly expense for 
renewal and compute from it the percentage of the total cost of 
the structure. As an example, assume a bridge 100 feet long and 
30 feet wide of which the planking has to be renewed once a 
year. Assume a three inch yellow pine wearing surface which 
costs, including tearing up, spikes, labor, material and supervision, 
forty dollars a thousand. This item then aggregates, 30 x 100 x 3 
+ 1000 x 40 = $360. If the initial total cost of the structure 
were $10,000, the yearly percentage cost of roadway renewal 
would be slightly less than four. This figure is known to be 
very modest and when it (which represents a yearly cost of 12 
cents per square foot in this instance) is compared with $1.35 per 
square foot, which is about the yearly cost of renewal of the 
planking of the Brooklyn Bridge, this point is made all the clearer. 

The floors of railroad bridges (unless constructed with 
buckle plates or similar material, on which the regular ballast 
road bed is carried), are largely of timber which has a relatively 
short life. In general it may be estimated that the wooden 
portion of such a floor will last about ten years in the northern 
part of the United States, decreasing to about six in the Southern 
States. The cost of a floor is almost purely a function of the 
length of the bridge alone, so that it is impossible to assign to 
it a percentage value. A rough estimating figure of $3.00 per 
foot per track is sometimes given for the timber work. The 
following table gives some estimated costs of steel work and 
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railroad bridge floors for different spans, for the sake of com- 
parison : 


Cost per foot of Span. Per cent 
cost of 
Span in Feet Type. Floor Total. nag hy 
Steel. System. work per 
year. 
On tis Ged, oe Pl. Girder $25.00 $3.00 | $28.00 ea 
FN ee eee Pl. Girder 30.00 3.00 33-00 0.9 
EE rape Pl. Girder 39.00 3.00 42.00 0.7 
OOo sind ok Pony lattice 38.00 6.00 44.00 0.7 
OE a ais vais ngs, ta Lattice 29.00 10.00 39.00 0.8 
Peearcas cine 5 20's < Lattice 35.00 10.00 45.00 0.7 
ee rea Pin 36.00 12.00 48.00 0.6 
See Pin 41.00 12.00 53-00 0.6 
er ee Pin 46.00 12.00 58.00 0.5 
a ere Pin 60.00 12.00 72.00 0.4 


The painting of a steel structure is a great question. There 
are several hundred “best paints” on the market, some of which 
are good, and some of which will hardly last until the paint 
salesman can collect his bill. The best paints obtainable will 
last about six years, after which period a new painting is neces- 
sary for good maintenance. The claims of some manufacturers 
greatly exceed this period. 

The Bridge Department of New York makes a practice of 
painting Brooklyn Bridge about once in three years with one 
good coat at a cost of about $20,000. This, of course, affords 
an opportunity for a thorough inspection, and, furthermore, this 
structure should be made to last indefinitely ii careful maintenance 
can do so. The largest contemplated concrete arch (that of 
the Hendrik Hudson Bridge) has a span of only about 725 feet, 
while the Brooklyn Bridge center span is 1595 feet, 6 inches, so 
that using it for comparative purposes is obviously somewhat 
straining a point. Nevertheless, its cost information is of great 
interest. In arriving at an annual percentage cost for painting, 
there is again a certain amount of uncertainty. However, a 
rough approximation may be arrived at from the usual estimates 
for steel structures. The total cost of a steel bridge varies widely 
from year to year, prices for similar work at different times within 
the writer’s experience running from $70 to $105 per ton. Of 
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this amount, about $2.50 should cover the cost of painting an 
average railroad bridge, while highway bridges run somewhat 
higher, due to their relatively lighter structural members. 

It is to be noted that the first application costs relatively 
more for material and less for labor than subsequent ones are 
likely to do. On the whole, therefore, it may be assumed that 
2.5 per cent is a fair original cost for painting, and if the same 
amount is expended once in five years, one-half of one per cent. 
only is the annual cost of this item of maintenance. 

One manufacturer of a special coating gives a table said to 
have been compiled from actual experience, in which the follow- 
ing costs are given for his special material: 


Cost of paint per two- 
coat application per 


Kind of Bridge. Span, 100 lbs. of steel, 
ed iin na elles Glas sa een bien 20 $0.08 
akg a RS i eae ey Sos Ge ge aa 40-60 .06 
ME aioe Sec utcs eda eee eee eiet: 80-300 .03 
ES Oe oe ey OR ERE eat eee 80-300 02 


It is claimed for this special material that a new application 
need be applied only once in ten years. This makes the percent- 
age cost of paint per annum on the basis of $85 per ton of steel 
as follows: 


Kind of Bridge. Span. Per cent. per annum 
ge ge a 20 1.88 
EE Eat euale ce qsets oars ks tn 40-60 1.41 
NET, 851s CUCs Ob sce b desbes seek eed 80-300 0.70 
NOG Bhi, Mea wana Sials Dall 6 ol Ciniawisie 80-300 0.47 


Collecting together now the several points discussed, a 
recapitulation will be as follows: 
Yearly costs of inspection should be about equal, for the 
two classes of structures. 
Depreciation and consequent sinking fund requirement for 
steel at least 5 per cent., for concrete not to exceed 2 per cent. 
Cost of maintenance of timber if used: 
For steel highway structure about 4 per cent. 
For steel railway structure about 1 per cent. 
Cost of maintenance of regular pavement or earth road: 


Surface for concrete structure less than 1 per cent. 
Of regular ballasted railway track less than 1 per cent. 











Re 
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Cost of painting: 


Steel railway structure less than 1 per cent. 
Steel highway structure less than 2 per cent. 


Total maintenance costs aside from interest on first cost 
for steel structure from 7 to 11 per cent., depending on character 
of bridge and kind of flooring. 


For concrete structure not to exceed 3 per cent. 


Excess of steel over concrete from 4 to 8 per cent. 

This is a rough average percentage figure, therefore, which 
a company or community should allow in the first cost figure of a 
concrete bridge structure over the total cost of a steel structure 
for foundations and superstructure combined, in a true competi- 
tion between the two classes of bridges. Of course the interest 
charge is to be added in each case. In other words, 3 per cent. of 
the cost of the concrete structure should be compared with 7 to 
I1 per cent. of the cost of a competing steel structure, and that 
type should be selected which will give the lower result. 

Or, as a special example, if the lowest responsible bid for 
a concrete arch is $12,000, the yearly cost to the community will 
probably be 4 per cent. (assumed interest charge) plus 3 per 
cent. for depreciation and maintenance. Since the yearly costs 
for a steel structure will amount to from II to 15 per cent. total 
(4 per cent. assumed as above for interest) for the steel super- 
structure and slightly less for the abutments, then unless the steel 
bridge complete can be erected for from $6,000 to $8,000, its 
maintenance and interest charges will be greater than those of a 
concrete structure. That is, finally, it may, under certain circum- 
stances, be more economical to pay from one and a half to two 
times as much in first cost for a concrete structure as for one of 
steel. 

In indirect confirmation of this conclusion, may be cited the 
well known policy of the Pennsylvania Railroad, through the 
past decade especially, to replace all steel bridges with masonry 
ones as fast as their rebuilding became necessary. 

No numerical value can be placed upon the artistic difference 
between the two materials. Steel arches have been erected which 
are exceedingly graceful and pleasing to the eye. The Washington 
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Arch over the Harlem River is a beautiful example of such a 
structure, and, on the other hand, jt must be confessed that there 
are practically no concrete arches in this country which can com- 
pare in artistic design with this somewhat exceptional specimen 
of steel construction. In Europe are several examples of ex- 
ceedingly pleasing concrete arches, especially in the mountainous 
districts, and it is hoped that this country may soon see a large 
number of structures erected which will rank in artistic appear- 
ance with those abroad and ably second the reputation in this 
country for concrete bridge design which now rests largely with 
the Connecticut Avenue Bridge in Washington and the Walnut 
Lane Arch in Philadelphia. 














REINFORCED CONCRETE RETAINING WALLS. 


By A. E. Linpau, Assoc. M. Am. Soc. C. E.* 
———_” 

Reinforced concrete has obtained prominence in the con- 
struction of retaining walls, in response to the universal demand 
for economy. So long as it serves the purpose as well as, or 
better than, other materials, and is as cheap, or cheaper, either 
in the matter of first cost or maintenance,—just so long will it 
maintain its position. 

We must admit that frequently other factors may govern 
the choice of materials and type of construction. Indeed, some 
engineers advocate plain concrete even though reinforced would 
be cheaper, on the ground that stability can only be certain when 
the structure in itself has sufficient weight to resist overturning ; 
and again, that mass is required to absorb shock and vibration. 
As to the latter, time and experience alone will furnish evidence, 
and for the present it must remain a matter of personal opinion. 
Regarding the former, it will probably be conceded that the 
stability of any retaining wall depends principally on the allow- 
able soil pressure, and the coefficient of friction between the 
foundation and the wall and the foundation material. The 
allowable soil pressure governs the rotation of overturning of 
the wall, and the coefficient of friction, the sliding on its base. 
If in any case these quantities, in addition to the pressure of 
the retained material, are known or assumed, the comparative 
stability of mass concrete or reinforced retaining walls becomes 
entirely a matter of mechanics. 


First Cost. 


The advantage in first cost of reinforced concrete over plain 
is largely due to the fact that in the former, stability can be 
obtained by utilizing the weight of the retained material to prevent 





* Chief Engineer, Corrugated Bar Company, St. Louis, Mo. 
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rotation and sliding, while the latter, the structure itself, must 
be heavy enough to remain in position. 

To get a definite idea of the relative advantage, let us con- 
sider two simple cases of earth retaining walls—one a compara- 
tively low one, say 10 ft. high, and the other 25 ft. from top of 
wall to bottom footing. 

Ten Foot Wall.—For the low wall we will adopt the canti- 
lever type for the reinforced design, similar to Fig. 1,* which 
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illustrates a wall built for the building of the Oak Leather Com- 
pany in Cincinnati. It is to be noted that in Fig. 1 the width of 
base is equal to the height of the wall; which is only necessary 
where the soil has exceedingly low carrying capacity, and also 
that the vertical wall is placed in the middle of the foundation 
slab. The question naturally arises as to the most economical 
position of stem with reference to the base, and a little considera- 
tion of this feature may be of assistance in selecting the best 
design. 

We will assume an earth fill with horizontal upper surface 
in which the horizontal pressure is one-third of the vertical and 





*Acknowledgment is made to Concrete Engineering for the line cuts in this paper 
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then shift the position of the stem with reference to the base, 
as is shown in Figs. 3, 4, 5 and 6, noting the change in maximum 
soil pressure and the direction of the resultant pressure on the 
foundation. By making the base 5/10 of the height, we shall be 
nearer actual average conditions, but the investigation is also 
carried through for a width of base 6/10 of the height (Figs. 7, 
8 and 9). In these figures p, indicates maximum soil pressure 
and tan @' the direction of the resultant pressure. For stability 
p, should be less than the allowable earth pressure and tan @ 
less than the coefficient of friction. 
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Fig. 3 shows maximum and Fig. § the minimum soil pres- 
sure. Tan @ on the other hand steadily increases from Figs. 
3 to 6. In the series 7, 8 and 9, Fig. 9 has the lowest p,, but 
Fig. 7 the minimum value of tangent 9. Should the coefficient 
of friction be limited to 4/10, then Figs. 5, 6 and 9 would be ex- 
cluded from further consideration, and of the remainder Fig. 3 
is unfavorable because of the soil pressure. 

By the above process of elimination, we are reduced to the 
consideration of Figs. 4, 7 and 8, which may be compared with 
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a typical design in plain concrete, Fig. 2. We find here that the 
maximum soil pressure is greater than in the reinforced concrete 
design, making the plain concrete less desirable in point of stability 
instead of more so than the others. 

Of the three figures referred to, 7 and 8 have more concrete 
than 4 and about the same amount of reinforcement; conse- 
quently, of all the reinforced designs considered, Fig. 4 is per- 
haps the most desirable. his design requires about 13.65 cubic 
feet of concrete per lineal foot of wall, while the plain concrete 
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design requires 28.7 cubic feet; if to the cost of the former is 
added the cost of the reinforcement, the extra cost of handling 
concrete and additional fill, there will still remain a saving of 
about 25 per cent. in favor of the reinforced design. 

Twenty-five Foot Wall.—Figs. 10, 11 and 12 show diagrams 
of a 25-ft. wall with base 6/10 of the height and the position of 
the stem varied as in Figs. 7, 8 and 9. 

In this series, Fig. 12 is undesirable because of the tendency 
to slide. Fig. 11 has the advantage over Fig. 10 in point of soil 
pressure, and also the amount of reinforcement which would lead 
to the adoption of this design for the cantilever type. In Fig. 
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13 we have a plain concrete wall and in Fig. 14 a counterforted 
reinforced wall. Computing quantities we find that— 
Fig. 1c requires about 100 cu. ft. of concrete and 
260 Ibs. of steel; 
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FIG. II. 


Fig. 11 requires about 97.25 cu. ft. of concrete and 
218 lbs. of steel; 
Fig. 13 requires about 151 cu. ft. of concrete; 
Fig. 14 requires about 70 cu. ft. of concrete and 210 
Ibs. of steel; 
All per lineal foot of wall. 
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It is evident that the counterfort wall is a cheaper type 
than the cantilever ; we have, in fact, exceeded the height in which 
the cantilever type is desirable. Allowing again for the extra 
cost of placing concrete and form work, the reinforced wall will 
show great saving over the plain concrete—the relative amount of 
which will depend on local conditions. 
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FIG. 12. FIG. 13. 


In the Engineering News of February 16, 1906, Mr. Frank 
Bone shows a saving of 63 per cent. in a 21-ft. wall by using 
reinforced concrete. Mr. C. F. Graff, in connection with retain- 
ing walls for the Great Northern Railway, estimated a saving 
varying from 20 to 45 per cent. In the Engineering News of 
January 5, 1905, Mr. F. F. Sinks makes a comparison between a 
plain and reinforced wall about 22 ft. high, showing a saving 
of $1.15 per lineal foot of wall. 
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In the point of first cost then there seems to be little question 
as to the advantage of reinforced concrete over plain when placed 
on the same basis with regard to stability. 


MAINTENANCE. 


Concrete has an unfortunate tendency to crack, principally 
due to changes in temperature, but whatever the cause may be, 





wy 





OUTTRE ISLS + 10 -OG LTRS 
48 TKR 


2S-0° 
23 









































4:.0° Vel 
rl / 
2 / S r 
/ ‘ s 
“i / \ oY 
NS j x 
x —— a 
qi [| #wof cS 
. o/ 
¢ 
=a 
FIG. 14. 


eracks frequently. develop that affect the efficiency and life of the 
structure. . In plain. concrete .retaining walls, this difficulty is 
met.by building short sections and leaving definite joints between 
them,. thus confining the expansion and contraction tq these 
joints, but sometimes these joints fail to work, and in other 
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FIG. I06.—ABUTMENT AT SANGAMON RIVER BRIDGE. 
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cases they are impractical, wherefore it becomes important to 
find some other methods of taking care of the situation. 

The use of reinforcement offers a satisfactory solution, and 
while it cannot be claimed that reinforcement will prevent cracks 
in structures of indefinite length, some excellent results have been 
obtained in walls several hundred feet long. 








A - 
4 £025 IS WILIEONTME 


C73 7270 


? 


2) 














FIG. 17. 


EXAMPLES OF CONSTRUCTION. 


To those who have not had access to the literature on the 
subject, a few illustrations of typical work may be interesting 
as well as instructive. In no branch of engineering design is 
experience a more valuable aid than in retaining wall work, and 
at the same time examples more useless, unless the local condi- 
tions in each case are fully understood. Retaining walls are 
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built in which the thickness is 20 to 25 per cent. of the height; 
where the earth is hard and dry, and remains so, nothing further 
is heard from them. In other cases the thickness may be 50 or 
60 per cent. of the height and still fail to keep the wall in posi- 
tion. 

In Fig. 15 is shown a dividing wall in the Indianapolis Water 
Company’s Reservoir. The wall is 350 ft. long and 12 ins, thick. 
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Without waterproofing this wall has in the course of operation of 
the reservoir withstood a full head of water on one side without 
showing appreciable leaks. 

Fig. 16 shows reinforced concrete abutment of Sangamon 
River Bridge, Wabash Railway, and plain concrete retaining wall 
to protect embankment in high water. The abutment is hollow 
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or of cell construction. The side walls are 70 feet high and con- 
nected by cross walls; a reinforced slab carries the track and six 
feet of fill, The whole abutment being supported by piles called 
for the lightest possible structure consistent with strength. While 
much lighter than a plain concrete abutment, it is improbable 
that a passing train would cause appreciable shock or vibration, 
or in any way affect this abutment than one of plain concrete. 
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FIG. 19. 


The bank protection wall also rests on piles; a portion of this 
wall has a thickness of 5/10 and the balance 4/1o of the height, 
yet on receiving the full pressure of the fill, a little leaning out- 
ward at the top was noticed,—not enough to make any difference 
in the efficiency of the wall, but sufficient to show that lateral 
earth pressures exist not only in theory, but in fact. 

Figs. 17, 18 and 19 show methods of construction and fin- 
ished structure for 3,000,000 gallon reinforced concrete reservoir, 
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Pine Bluff, Ark. The exterior walls are designed to take full 
head of water on the inside without assistance from embankment, 
and to take thrust from embankment on the outside when reser- 
voir is empty,—the dividing wall to take full head of water on 
either side. Figs. 20 and 21 show views of this reservoir. 

To prevent sliding on the base and also the formation of 
water pressure under the foundation, vertical walls or aprons 








FIG, 20,—3,000,000-GALLON REINFORCED CONCRETE RESERVOIR. 


are built at the edges of the foundations as shown in Figs. 18 
and 19. The design of these walls was the result of careful con- 
sideration of the cost of various types, there being absolutely no 
prejudice in the matter, and the reinforced concrete cantilever 
was adopted because it was the cheapest wall for this particular 
situation. The concrete cost approximately $7.50 per yard in 
place in the walls, of which the forms averaged about 7 cents per 
sq. ft. of surface. The reinforcement averaged about 65 Ibs. 
per cu. yd. of concrete and cost about 2°/,, cents per Ib. in place. 
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It was fully predicted when the Palouse retaining wall was 
built that it would not stand,—did not have weight enough, 
etc., but so far these predictions remain unverified. The 
wall has a maximum height of 32 ft., an over-all length of 795 
ft. width of base 17 ft. The face wall is 734 ins. thick at the top 
and 1434 ins. at the bottom, buttresses 12 in. thick and spaced 
8 ft. apart, the foundation solid rock. The cost of the wall was 
$18.00 per cu. yd.—an unusually high figure, due to unfavorable 
conditions. According to the contractor, it could be duplicated 
at present prices of material and labor for one-half of the original 








FIG. 21.—3,000,000-GALLON REINFORCED CONCRETE RESERVOIR AT PINE BLUFF, 
ARKANSAS. 


cost. It may also be of interest to note that we have here a 
stretch of wall nearly 800 ft. long without expansion joints, and 
has so far not shown any cracks. 

Although, strictly speaking, not a retaining wall, the abut- 
ment at Cahaba River Crossing, A. B. & A. R. R., shown in Fig. 
22 is of interest because it is probably the highest buttressed 
abutment that has so far been built. The height from base to top 
of parapet is 61 ft. The width of base is 35 ft. 6 in. at the middle 
section. The maximum soil pressure about 12,000 Ibs. per sq. ft., 
but as the foundation is rock, this is a very safe figure. 
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A very extensive and typical reinforced concrete retaining 
wall construction is used for the settling basins at the Chain of 
Rocks, St. Louis, Mo. Sections of this wall, five or six hundred 
feet long, stood without the protection of embankment, through 
changes of temperature from summer to winter without crack- 
ing. Other cases of similar nature could be cited to show that 
it is possible, by means of reinforcement, to prevent serious 
cracking in concrete retaining walls. Although difficult to 
reduce to figures, this property of reinforced concrete repre- 








FIG. 22.—ABUTMENT AT CAHABA RIVER CROSSING, 


sents a distinct economy in maintenance and should be given 
consideration in weighing the advantages and disadvantages of 
plain and reinforced concrete. 

These basins are each 827 ft. by 400 ft., founded on com- 
paratively soft and uncertain material, which is common on the 
banks of rivers. The walls are 24 ft. high and the footing 25 ft. 
wide; the face wall is 18 in. thick under the coping, increasing 
to 30 ins. at the bottom; buttresses are 18 ins. thick and spaced 
16 ft. apart. The concrete for the walls is a 1: 3:6 mix, and 
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21,900 were cu. yds. required, costing $7.60 per yard in place, 
not including the reinforcement. The reinforcement totaled 
930 tons or about 85 lbs. yer cu. yd. 


CONCLUSION. 

From our brief and limited examination of the subject, we 
are scarcely justified in drawing general conclusions, but the 
following may serve until time and experience has placed the 
matter on a more definite basis: 

For the same strength and stability a reinforced concrete 
retaining wall will in general cost less than one of plain concrete. 

In reservoirs, or other construction where joints are unde- 
sirable, the use of reinforcement is of particular advantage. 

The stability of reinforcement to prevent, or distribute, 
cracks, so as to make them inappreciable, is valuable in adding to 
the appearance and life of the structure. 

The truly monolithic character of reinforced concrete retain- 
ing walls gives them reserve strength to meet unlooked for 
conditions. 

The writer is indebted to the Water Department, City of 
St. Louis; to A. O. Cunningham, Chief Engineer, Wabash Rail- 
road; Wm. P. Carmichael Co., Contractors; the Engineering 
Department A. B. & A. R. R., and the current technical literature 
for much of the detail information in connection with the above. 
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DISCUSSION. 


Mr. W. P. ANDERSON.—There is one point as to the relative Mr. Anderson, 


cost of the cantilever and buttress wall not brought out in the 
paper, and I think too often overlooked by the designing en- 
gineers, and that is, in using a buttress wall you may materially 
cut down the quantity of concrete per superficial foot of form 
work. In the case mentioned the concrete was reduced 30 per 
cent. per running foot of wall. In the paper just read there was 
as much form work for the main part of the wall as for the 
cantilever, and in addition to that there was form work for the 
buttresses. In a concrete building the cost of the form work is 
greater than the cost of all the labor and all the material in 
the concrete, so that it is a very material item. In a retaining 
wall the case is different, because the base of the wall, which 
is probably one-third of the bulk, will need very little form 
work. However, in using a buttress wall the thickness of the 
wall is reduced on account of the buttresses. The buttresses, 
being closer together than the height of the wall, make it 


possible to use in figuring the moments, instead of the 
moments required for the cantilever. But in the case of a 
buttress wall, say 8 ins. thick, the form work will cost anywhere 
from $4 to $5 a yard; that is, for a thin buttress wall of that 
kind. I want to call your attention to that fact, that while a 
buttress wall compared with a cantilever wall may have some 
advantages with reference to cost, I do not believe that its 
advantages are so great as would seem by not considering the 
cost of the form work. 


Mr. A. E. Linpau.—This was given consideration before Mr. Lindau, 


the paper was written, but omitted because the cost of form work 
varies so in each individual case. It was intended to bring out 
the great saving in the buttressed wall over the cantilever. In 
the particular case under discussion it would, of course, have 
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Mr. Lindau. been much more interesting if time and opportunity had been 
given to consider the point at which the buttressed wall becomes 
economical and the point at which the cantilever wall ceases 
to be so. I believe it is about 25 feet or at least below 25 feet, 
even considering the extra cost of the form work and of plac- 
ing the concrete wall in thinner sections. 

As to the cost of form work in proportion to the cost of 
concrete per cubic yard, I think that in any section of the coun- 
try, where it costs as much as $4 per cubic yard for form work 
on an 18 to 30 in. wall, that the contractor who figured $7 per 
cubic yard for the work would not be able to come out alive. 


Mr. Anderson, Mr. ANDERSON.—I gave that figure for an 8 in. wall 

Mr. Lindau. Mr. Linpau.—Well, of course it would be a very much 
greater cost per cubic yard in that case. 

Mr, Davis. Mr. B. H. Davis.—I would like to ask the following ques- 
tions : 


1. What is the most economical spacing of buttresses in 
the type of retaining wall in which they are used? 

On two of the walls of the buttressed type discussed by Mr. 
Lindau, the buttresses were spaced 8 and 16 ft. respectively, 
center to center. I should like to inquire if these figures do 
not represent two extremes, perhaps, between which there may 
be some economic mean. After a considerable discussion, the 
buttresses were spaced 12 ft. 6 ins. center to center, in the case 
of the retaining walls in connection with the Buffalo Track 
Elevation of the D., L. and W. R. R.* 

2. Where does the economy in the use of. the buttressed 
type of wall cease and that of the cantilever type begin, or below 
what height of wall does it become more economical to build 
the cantilever in preference to the buttressed type of retaining 
wall, which is ordinarily used only for walls of considerable 
height ? 

This point was discussed in the paper, but I did not un- 
derstand clearly at just what height of wall the substitution 
of one type of wall for the other was deemed economical and 
advisable. 





*See p. 281 for view of one of these walls. 
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3. Is it practicable to place a wide and massive appearing Mr. Davis. 
coping on a thin reinforced concrete retaining wall, without 
’ danger of frost lifting or heaving it from its support? 

One of the most common objections raised by railroad 
companies against the reinforced concrete retaining wall, is its 

' light and so-called flimsy appearance. Being accustomed to mas- 
sive stone copings of standard 3 ft. width, very naturally any- 
thing lighter than this in reinforced concrete, has to meet with 
every conceivable kind of objection, from aesthetic considerations 
down to what the frost might do to the wall, if nothing else 
can be found to condemn it. 

4. What has been found to be the most effective method 
of keying or bonding adjoining sections of reinforaed con- 
crete retaining walls? 

The “groove and tenon” joint shown in the section of 
Cc. B. & Q. R. R. retaining wall has not proven altogether 
satisfactory where it has been used in plain concrete walls of 
gravity section. One section of wall settling more than the 
one adjoining invariably cracks one or the other or both sec- 
tions. 

Some better method of bonding adjoining sections of plain 
or reinforced concrete retaining wall are probably known to 

some of the members present, and it is hoped that they will 
give this convention the benefit of their experience on this and 
other subjects under discussion. 

Mr. Linpau.—The first question is important, and it would Mr, Lindau. 
be a very valuable thing to extend the investigation along that 
line. I think that perhaps the Water Department of St. Louis, 
Mo., in selecting their type of wall, examined the influence of the 
spacing of the buttresses for economy. But I think the 8-foot 
spacing decided upon in the Palouse retaining wall is too short; 
the spacing used in the wall at St. Louis is probably very much 
better. It is a problem which can easily be solved by making a 
number of designs and estimating the cost of the various items 
entering into them. In reference to the base and the economy of 
location, it is very likely that you will find that the cost will vary 
with heights of walls. 
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Mr. Lindau 


Mr. Anderson. 


Mr, Lindau, 
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In regard to the coping, the construction of the St. Louis 
reservoirs would answer the question. The coping is 24% to 3 ft. 
wide, and by letting the vertical bars of buttresses run up into 
the coping and by reinforcing that coping horizontally, the action 
of frost can be taken care of. 

The bonding of sections of a wall is a point that I cannot 
answer fully. I can quote in a general way from a letter fur- 
nished me by the Burlington Railroad in regard to their walls, 
which are joined at frequent intervals by vertical dove-tail joints. 
I asked them about the stability and character of their walls, and 
they state “As to stability and cracking, you may know that foun- 
dations here are very uncertain. We have had very little trouble 
with cracking due to foundations. We have had a little tipping 
in a few instances. Some of this has been forward and some 
backward.” It seems, therefore, that the stability of concrete 
walls is merely a matter of soil pressure. With good founda- 
tions the walls will neither tip or crack. The difficulty with all 
reinforced concrete retaining wall work—in fact, any retaining 
wall work—is knowing the conditions. 

Mr. ANDERSON.—Very often in designing a cantilever wall it 
is necessary to make a right angle turn. The top of the wall de- 
flects or moves out when the earth fill has been placed behind the 
wall, and this will, in some cases, put a strain on the corner. 
This should be taken care of, as the strain is pretty great. We 
built a wall about 30 ft. high, and I suppose the movernent on the 
top due to the back fill was 1 inch or more, and this caused a 
big crack in the side of the wall. If | were going to design a 
wall of that kind myself again, I would leave a joint there, as this 
is easier than putting in steel, although when you build a joint 
you have the possibility of frost getting in and causing trouble. 
The crack can be filled up after the wall is erected and the dirt 
put behind it, because then no further movement of the top of 
the wall is likely to occur. 

Mr. Linpau.—I would again refer to the wall of the St. 
Louis Settling Basins, where such construction was necessary. 
Of course they had special conditions and because of waterproof- 
ing they did not make any joints. One of the walls stood, I 
think, over the winter without any earth backing, and then the 
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earth backing was put in, and I had occasion to examine that wall Mr. Lindau. 
very caretully for cracks, particularly at the corners. I ex- 
pected to find some, but could discover no evidence of cracks 
anywhere. 
Mr. EmiLe G. Perrot.—I would like to corroborate a state-Mr. Perrot. 
ment made in regard to lack of value of the outside filling against 
a retaining wall. We had a sad experience with a retaining wall 
about 20 ft. high and 100 ft. long, in which we tried to get some 
value out of the outside fill. After the building was up for some 
time the whole wall shifted several inches, so that we had to put 
buttresses on the outside wall to keep it in position. This shows 
that in designing retaining walls it is absolutely necessary to con- 
sider the wall the full height. If there is a fill on the outside, as 
soon as it rains that fill settles, and usually settles away from the 
wall. 
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THE APPLICABILITY AND COMPARATIVE COST OF 
CONCRETE AND REINFORCED CONCRETE 
FOR SUBWAY CONSTRUCTION. 


By Cuarves M. Mixts, M. Am. Soc. C. E.* 


Concrete has been used in building metropolitan underground 


railways from the beginning of such construction. It was used 
in the structure of the Metropolitan District Railway in Lon- 
don, authorized by Act of Parliament in 1854, construction 
beginning in 1860, the successive extensions not being com- 
pleted until 1884. It was used in backing the haunches of the 
brick arches, in the footings of masonry sidewalls, in backing 
behind the sidewalls as the timbering was removed, and later 
in the sidewalls themselves and in the inverts. 

The advantages of concrete have evidently influenced the 
designs of all the underground railways to the present time. In 
the earlier construction stone masonry and brickwork pre- 
dominated, but these have yielded to concrete as its properties 
and adaptability to meet varied requirements became better 
understood, its use receiving an impetus by the production of 
Portland Cement. With the addition of reinforcement, concrete 
has increased its claim upon designers and constructors, so 
that to-day it is indispensable, the combination possessing prop- 
erties and affording facilities possible with no other material. 
In passing, it may be noted that in the railway subways in 
European cities, concrete has been used mostly without rein- 
forcement, contrary to what might have been expected, while 
in America, in many cases, reinforcement has been liberally 
utilized. 

The advisability and advantages of concrete both plain and 
reinforced for subways is so complete in most respects and is 
so well understood, that only the salient features will be noticed, 
with general references to economics. 





* Principal Assistant Engineer, Subway and Elevated Railroad Construction, Phila- 
delphia Rapid Transit Company. 
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To attempt to satisfactorily show by figures the savings 
effected by the use of concrete, either plain or reinforced, in 
subway construction, involves the consideration of many con- 
ditions to avoid producing misleading impressions. The extent 
of the permissible interference with street traffic, the nature 
and density of the traffic, the local costs of materials and the 
facilities for their storage and handling, the conveniences for 
handling the excavated material, as well as many other details, 
all affect the cost. In view of these considerations no definite 
figures will be given. It has been a surprise to the writer, that 
the aggregates of items of cost in different designs for subway 
structures, carefully developed with a view to economy, have 
varied so little, the differences, being small percentages of the 
entire cost involved. é 

It is well understood that concrete may be made with 
ordinary labor under efficient direction, so that its unit cost, com- 
pared with that of brick work, is usually much cheaper, espie- 
cially under the conditions which prevail in underground con- 
struction in busy city streets; and concrete, as compared with 
brick work for this kind of construction, is so superior that the 
use of brick work is now limited to collateral details, such as 
sewer work, underpinning and miscellaneous work at passenger 
stations. 

For sidewalls sustaining earth pressure as well as ver- 
tical loads, reinforced concrete is especially advantageous, since 
the thickness may be made but a fraction of that required for 
walls of brick or stone masonry. Thin sidewalls reduce the 
width of the trench to be excavated, an important and costly 
item of work in city streets, and are usually necessary, since 
the available space under the beds of streets is frequently lim- 
ited, either by existing structures, or by the necessary reserva- 
tions for sewers or other underground structures, as municipal 
requirements increase. 

Thin walls also may be built with vertical I-beams to resist 
the earth pressure with vertical jack arches of concrete between 
them. The cost of such walls is slightly more than for those of 
reinforced concrete, the comparison of cost including many details. 
The I-beams are usually 12 or 15 ins. deep and spaced 5 to 6% 
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ft. apart on centers, and require some thickness of concrete back 
of them to cover the outer flanges. In addition, protection of 
the beams from corrosion and the fact that the wall is pierced 
every 5 or 6 feet by the beams renders waterproofing necessary. 
The placing of waterproofing from the interior of the trench, 
requires a thin wall of brick or concrete outside of the beams. 
The total thickness of such composite walls, without concrete 
covering over the inner flanges of the beams is usually from 
21 to 24 ins. The inner flanges of the beams being uncovered 
require painting which entails a maintenance charge. If the 
inner flanges of the beams are covered with concrete, the total 
thickness of the wall is increased, and this, together with the 
details requisite to efficiently secure the concrete to the flanges, 
are additional items of expense. 

Little advantage, if any, in supporting traffic during con- 
struction is afforded by the beams, unless steel roof beams are 
used, since the timbering required prior to the erection of the 
beams may readily be designed to fulfil this purpose. 

The sidewalls of reinforced concrete considered in the 
comparison of cost are taken 24 ins. thick, though 16 ins. would 
usually suffice to sustain all the stresses, the additional 8 ins. or 
50 per cent. being placed for practical considerations, partly con- 
struction details and partly to diminish liability of leakage. As 
the thickness of the wall is increased for the reasons stated, the 
quantity of main reinforcement is diminished with the resulting 
saving. No waterproofing is considered in the reinforced con- 
crete sidewalls, since with longitudinal reinforcement properly 
distributed in the walls, and with the cement and concrete aggre- 
gates properly proportioned, made to a wet consistency and well 
placed in the forms, the use of waterproofing is unnecessary under 
all heads of ground water liable to exist in ordinary subway con- 
struction, thus eliminating many troublesome details and simpli- 
fying the work. 

An advantage of reinforced concrete sidewalls with longi- 
tudinal reinforcement is that no expansion joints are required, 
and long stretches of wall may be built without cracks due to 
changes of temperature or to shrinkage, or to be more exact 
with such a multiplicity of distributed minute cracks that they 
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are harmless, and invisible except under the closest scrutiny. 
The longitudinal reinforcement may be varied to meet the various 











FIG. I.—LONGITUDINAL RODS AND RABBETS TO MAKE JOINTS. PHILADELPHIA 
SUBWAY. 


conditions, and to produce lesser or greater capacity to resist 


leakage as desired. (See Fig. 1.) 
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The simplicity and superior water tightness of well designed 
reinforced concrete sidewalls make them worth more than walls 
of beams and concrete jack arches even though local conditions 
might show a slight saving in first cost for the latter. It is 
probable that in most cases the first cost of reinforced concrete 
sidewalls will be a little less than that for the other type, but 
the difference will be a small percentage of the whole cost. 

In the use of reinforced concrete for subways, both for side- 
walls and roofs, plates of uniform thickness have generally 
been employed, instead of an alteration of beams and slabs. The 
refinement of workmanship required in placing concentrated 
reinforcement in beams, with shear rods, and the other details 
of beam and slab construction is injudicious from practical con- 
siderations in underground work. Such work is usually done in 
restricted space and with artificial light, so that good workman- 
ship is secured only by the closest supervision and painstaking 
inspection. Though there be no desire to slight the work, the 
workmen are out of sight and simplicity of details is essential. 
Under the conditions, the cost of plates of uniform thickness, 
considering the cost of forms and their handling and of the 
reinforcement and its placing, is less than that for an alternation 
of beams and slabs, and compensates for the additional material 
required. 

It is probable that with the advance being made in the pro- 
duction of assembled reinforcement handled in units, construc- 
tion of roofs with an alternation of beams and slabs may be found 
advantageous, since economies may result to compensate for the 
additional expense now entailed by such designs, and methods 
devised to secure good work under the difficult conditions. 

Since it is desirable to make the depth from the street sur- 
face to the passenger platforms as little as practicable, and the 
distance from the top of the roof to the street surface is usually 
determined by the space necessary for the water and gas mains, 
electrical conduits and other underground structures, the arched 
roof is often objectionable owing to the increased depth of the 
structure due to the rise of the arch. Flat roofs have been mostly 
employed with a moderate slope for drainage. Flat roofs are 
built of cross beams or girders with jack arches of concrete, and 
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also of reinforced concrete alone. Due to the considerations 
previously described the reinforced concrete roofs have been of 
plates of uniform thickness. Fig. 2 shows a flat roof construc- 
tion. 

Since the drainage grades on flat roofs are slight, and acci- 
dental leaks in roofs are more objectionable than when they occur 
in sidewalls, waterproofing is always used. In comparisons of 
the costs of roofs the item of waterproofing is common to all 











FIG. 2.—ROOF OF REINFORCED CONCRETE IN ONE SPAN OF 26 FT. 6 INS.; SIDE- 
WALLS OF REINFORCED CONCRETE. PHILADELPHIA SUBWAY. 


styles of flat roofs and reduces the elements of difference to the 
other features of the designs. The execution of permanent and 
watertight roofs with beams and concrete jack arches involves 
many details requiring care, and it may be said that greater sim- 
plicity and superior permanent results are obtainable with rein- 
forced concrete alone. 

With beams and jack arches, it is necessary to introduce 
reinforcement to prevent cracking due to shrinkage and tempera- 
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ture stresses, particularly immediately over the beams where the 
concrete is liable to crack and cause leaks, water tending to flow 
along the webs and flanges. Reinforced concrete in such places 
is superior to any other available material in securing enduring 
and watertight work. Another source of leakage where beams 
are used is the thinness of the concrete back of the ends of the 
beams where they rest on the sidewalls. Such roofs require 
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FIG. 3.—ROOF OF 20-IN. I-BEAMS WITH CONCRETE JACK ARCHES; SIDEWALL 
REINFORCED CONCRETE. PHILADELPHIA SUBWAY. 


careful and efficient waterproofing, and but little dependence 
should be placed on the waterproofing to bridge over or seal 
cracks in the concrete. Fig. 3 shows beam roof construction. 

The cost of flat roofs with transverse beams and jack arches 
ci concrete is found to be cheaper than reinforced concrete roofs 
with plates of uniform thickness. This is partly due to a lack 
of economy of material in using plates of uniform thickness, 
and partly to construction details, 
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From the foregoing it appears that the first cost of a two- 
track subway with reinforced concrete sidewalls and a roof 
with beams and concrete jack arches may usually be found less 
than that of a structure entirely of reinforced concrete, but such 
inference should be considered with caution for the reasons 
previously indicated. The difference in cost if in favor of the 
beams and concrete jack arches would be but a small percentage 
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FIG. 4.—STATION, SIXTY-NINTH STREET TERMINAL. ALL OF CONCRETE EXCEPT 
BALUSTRADE, 


of the entire expense. On the other hand the permanent advan- 
tages of an entire reinforced concrete structure are markedly 
great, and maintenance charges inseparable from composite 
structures of structural steel and concrete are eliminated. 

As to the cost of various types of structures, it is possible 
that with space for masonry sidewalls in a subway for two tracks, 
and with the roof in one span and with favorable conditions, 
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economies might result, so that the cost of such a structure as 
a whole would not exceed that of one with thin walls of rein- 
forced concrete and might be less. 

Reinforced concrete permits the use of arched cross sections 
in cases where plain concrete or brick masonry would involve 
uncertain stability under the action of concentrated loads, par- 
ticularly with the probability of the excavation of trenches par- 
allel to and alongside of the structure. Consideration of the 
latter contingency is imperative due to the growing demand in 
cities for underground service for public utilities, and the growth 
of municipal improvements, by which increasing space is required 
beneath the streets. 

In addition to the sidewalls and roofs of subways, the con- 
crete plain or reiniorced, is well suited for the construction of 
floors, inverts, platforms, stairways and other parts of under- 
ground railways. By using the precautions to exclude water by 
proportioning the constituents and reinforcement, concrete may 
be used for inverts or floors to better advantage than any other 
known material. This statement applies also to sumps, pumping 
chambers, underground passages and other deep construction, 
good results being obtainable with less expense than with any 
other material and much less difficulty. Fig. 4 illustrates use 
of concrete in station construction. 

An interesting demonstration of the advantage of reinforced 
concrete occurred in the building of the Market street subway in 
Philadelphia, between the City Hall and the Schuylkill River, at 
Twenty-first street. A large water main on the north side of 
the street parted at the junction with a main on Twenty-first 
street, the rush of water excavating a large hole in the street 
and carrying the debris into the uncompleted subway. A small 
egg-shaped reinforced concrete sewer built as part of the drainage 
diversion caused by the subway construction, sustained itself as 
a bridge with a clear span a little over 40 feet wide, and not only 
carried its own weight, but also a quantity of earth, paving stones 
and other debris. No fractures were found in the sewer, only 
some small cracks, and the leakage from the sewer which had 
been in service for some time, amounted only to intermittent 
drops. The washout was backfilled and the street repaved with- 
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out the necessity for any repairs to the sewer. The incident con- 
firmed the judgment exercised in the beginning of the work, 
to build the new sewers parallel to the subway of reinforced 
concrete. 

In conclusion the author feels it necessary to recognize the 
fact that the matter presented does not completely comport with 
the title of the paper, since definite comparisons by figures, of the 
cost of concrete and reinforced concrete for subway construction 
are not furnished. Reviewing the data as to the cost of subways 
in several cities, representing various practice, it was not found 
practicable in the time available for the preparation of the paper, 
to prepare such comparisons, since so many diverse conditions, 
unless carefully considered, would make them of no practical 
value. Comparisons of the cost of modern and obsolete types 


have not been made, as they would be of interest only to the 
curious. 











Mr. Anderson. 


Mr. Mills, 
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Mr. W. P. ANDERSON.—I understand that no expansion nor 
contraction joints were left in the side walls of the subway, and 
I should like to ask if there is any rule for determining the quan- 
tity of longitudinal reinforcement in reference to the cross section 
of the walls; if there is no rule, about how much steel was put in? 

Mr. C. M. Mitits.—The action of longitudinal reinforcement 
as usually applied in walls or other structures of concrete to pre- 
vent cracking is more correctly described as distributing cracks 
than preventing them. With this reinforcement the total of the 
openings of a few large cracks at irregular or accidental intervals 
may be distributed among many small ones, and the reinforce- 
ment may be proportioned to make the subdivisions too small to 
be visible. 

The quantity of longitudinal reinforcement might be made 
sufficient to so uniformly distribute the stretch in a concrete mem- 
ber with restrained ends, that cracks would not occur, provided the 
rate of stretch did not exceed that permissible in concrete acting 
in connection with reinforcing steel, which investigators have 
reported to exceed that in concrete without such steel. The use 
of such a quantity is unnecessary since a lesser amount suffices, 
and may be varied to meet the particular requirements of any 
case. 

The amount of reinforcement or the total sectional area of 
steel required to produce a given effect is directly proportional to 
the diameter of the component sections and inversely proportional 
to their bonding value to the concrete, being the same whether 
round or square rods are used. Hence small sized rods, shaped 
or formed to augment the bond, are most economical in quantity. 
Due regard is necessary for extra cost of small sizes and the labor 
cost of handling many small pieces. 
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Though the strands of wire fabric have less bonding value Mr. Mills. 
than plain rolled rods, and still less than shaped rods, their small 
diameter compensates for the low bonding value, which is aug- 
mented if the intersections are non-slipping. If wire fabric is 
used, the strands should be straight, and the strands should be 
placed straight in the work. 

It is usually immaterial whether the usual grade of struc- 
tural steel with about 30,000 lbs. elastic limit be used, or high 
elastic limit steel, provided the quantity is 0.3 per cent. or more. 
If the quantity is less than this, high elastic limit steel is desirable 
to avoid impairing the efficiency of the bond, especially if plain 
bars are used ; fracture is out of the question. 

The component sections should be uniformly distributed in 
the concrete, unless the faces of the work are unequally exposed 
to temperature changes, when the steel should be distributed to 
assist the mass most liable to crack. 

The amount of longitudinal reinforcement in the side walls 
of the part of the Market street subway built last, is about 0.3 per 
cent. of 5g in. square cold twisted bars of 60,000 Ibs. ultimate 
strength, no waterproofing being used. The subway is under- 
drained, and under other conditions the quantity of reinforce- 
ment might have to be increased. The cracks are very small, are 
well distributed, and are entirely unobjectionable, the structure 
being practically dry. Though the structure is underdrained, in 
many cases the backfilling contained clay by which water is re- 
tained above the drains, especially in protracted wet weather, so 
that the efficiency of the walls to resist leakage has been thor- 
oughly tested in many places. Where leakage has occurred the 
joints between successive sections of the concrete work were not 
properly made, and the number of leaks is very small. 

The production of watertight walls depends both on making 
dense concrete and the proper use of the reinforcement in proper 
quantity. The concrete in the sidewalls was made with graded 
aggregates and mixed wet, requiring but a moderate amount of 
spading and tamping. 

The quantity of reinforcement used in the subway walls is 
serving under moderate changes of temperature, approximating 
50 degrees ; in cases subject to greater extremes more would be 
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Mr. Mills. required, probably 0.4 per cent., and where watertightness is 
desired without dependence on the infiltration of clay or other 
fine material to seal fine fissures, the quantity might have to be 
made 0.5 per cent. 

Atmospheric temperature conditions are not the only con- 
siderations, since the shrinkage in the hardening of concrete in 
air and the contraction caused by the cooling following the chemi- 
cal reactions in setting and hardening tend to produce cracks. 











THE ADVANTAGES OF REINFORCED CONCRETE FOR 
RAILWAY CONSTRUCTION. 


By B. H. Davis.* 





The advantages of reinforced concrete as a building material 
for railway construction are indeed many as compared with its 
few disadvantages which may more properly be termed its limi- 
tations. Where it is possible to use reinforced concrete for a 
part or all of a railway structure, it is generally of advantage at 
least in the long run to make use of this practically indestruct- 
able material. 

In reinforced concrete there is a combination of the good 
qualities of two most valuable building materials—steel and 
concrete—and each of these constituents supplies to their com- 
bination the deficiencies which each in itself possesses to its 
detriment when used singly. The fireproof, corrosion proof, 
and decay proof qualities of reinforced concrete commend it 
most highly for all classes of structures where permanent con- 
struction is desired. For railway structures, perhaps more than 
any other class of structures, are these qualities particularly 
desirable. The reason for this is self-evident, for though a mine 
may soon be worked out, or a mill or an industrial concern 
dependent upon the local supply of raw material may have but a 
limited period of usefulness, yet a railway, on account of its 
varied sources of revenue in each locality, and by its very nature 
independent of purely local conditions, once substantially built, 
is expected to be perpetual in its usefulness. 

Constantly increasing maintenance costs are no doubt 
directly responsible for the growing demand for permanent con- 
struction wherever possible, especially among conservatively and 
wisely managed railroads. Therefore from the railway stand- 
point the introduction of reinforced concrete as a building mate- 
rial enjoying as it does a wider range of possible uses and 





* Assistant Engineer, Delaware, Lackawanna and Western Railroad, Jersey City, N. J. 
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varieties of design than any other known building material, and 
yet so admirably adapted to meet all the requirements of the 
case in regard to permanence, was indeed most opportune. 

In the following discussion the aim shall be, first, to present 
for consideration a few of the familiar uses of reinforced con- 
crete as applied to railway construction; second, to point out as 
clearly as possible the advantages and disadvantages resulting 
from the use of reinforced concrete in each case, and third, to 
compare their costs, where such data is available, with the 
costs of similar structures built of other materials. A few 
photographs are shown to illustrate -ypes of construction as they 
are discussed. 

The suddenness and completeness with which plain con- 
crete supplanted stone and brick for all ordinary railroad 
masonry structures and sub-structures, is ample proof of its 
many advantages over the other materials. It will not be neces- 
sary therefore to analyze the causes of this sudden change, ex- 
cept to note that plain concrete was the forerunner of reinforced 
concrete, and thus deserves mention in a paper on the latter 
subject. 


PLAIN CONCRETE. 


The use of plain concrete in bridge piers, abutments, and 
wing walls, retaining walls, foundation walls, station platforms, 
arch culverts and arch bridges led up to old rail reinforcement 
of flat top culverts familiarly known as rail top culverts, which 
was perhaps the first attempt at reinforcement of concrete in a 
railway structure. 

Rat Top Cutverts. 

The deservedly great popularity of the old rail top culverts, 
was largely responsible for the ready acceptance of reinforced 
concrete when its advocates finally offered it to the public. 

In the way of permanence the old rail top culvert had all 
the advantages of the more modern bar-reinforced box culvert, 
but it was not an economical reinforced concrete structure on 
account of the great excess of steel required. Indeed, it is 
doubtful if it could properly be termed anything but a protected 
steel structure, for most engineers in designing them, count 
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upon the steel to carry the load, totally disregarding the concrete 
except as a protection to the steel. When it is found impos- 
sible to pack a sufficient number of old rails in a given section, 
to give it the desired section modulus, I beams are sometimes 
substituted for the rails, or for every second or third rail, much 
to the improvement of the structure as regards reliability. 


EmpBeppep I Beam CULVERTS. 

A great deal of excellent work has been done with the em- 
bedded I beam construction, but it is certainly erroneous to call 
this combination of steel and concrete reinforced concrete. It is 
better than the old rail construction because the section of each 
I beam is known, while the old rails are more or less worn, 
and liable to have dangerous invisible flaws. Moreover it would 
require a mathematician of no mean ability to compute the 
section modulus of some of the old rails frequently used, if the 
design were to be accurately made in one case as in the 
other. A further use of the embedded I beam construction is 
made in carrying one track over another as is frequently done in 
the grade separation of two railways intersecting at a difficult 
angle since the I beams are more easily and positively connected 
to the longitudinal steel girders than the old rails. 

Very long and expensive skew spans are often avoided by 
the use of the long structure of short, light spans, as is so well 
illustrated by the Pennsylvania Crossing of the Delaware, Lacka- 
wanna and Western, west of Bergin Hill, N. J. 


REINFORCED CONCRETE Box CULVERTS. 

If the spans are not too long and the head room also limited, 
reinforced concrete slabs could be used economically in such 
cases. This question of head room often necessitating a very 
shallow floor system, brings into prominence one of the limita- 
tions to the use of reinforced concrete, namely, the case of long 
spans of very limited depth where its use is practically impossible 
or at least not economical. Where the conditions are not too 
severe, economies of masonry and steel are possible through the 
use of reinforcement in side walls, top slab, and inverted slab 
of reinforced concrete box culverts and subways. 
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SMALL CULVERTS. 

An interesting though perhaps not very important use of 
reinforced concrete as applied to railway structures is found in 
small culverts. On part of a rather heavy railroad construction 
recently undertaken, it was decided that no smaller openings 
than that furnished by a 24-in. cast iron pipe would be con- 
sidered advisable even for the comparatively small drainage 
areas cut off from the general drainage course by a railway 
embankment. 

Bids were asked on the basis of using C. I. P. for all such 
structures. Owing to the roughness of the country over which 
the large and heavy pipes would have to be drawn by teams from 
the nearest railroad station, the contractors showed a ready 
willingness to substitute concrete culverts for the cast iron upon 
which they had bid. It was therefore decided to figure to the 
use of semi-circular concrete culverts of about the same capa- 
city, with the following results: 

A three-foot semi-circular reinforced concrete culvert of 
4.73 sq. ft. cross section suitable for all fills up to 50 ft. could 
be built for $4.85 per lin. ft. ($1.00 for steel bars in place and 
$3.85 for concrete). 

The cast-iron pipe specified for this same fill would cost 
$7.31 per lin. ft., and where a concrete bed would be required 
for it, at an additional cost of $1.70 per ft., the total cost would 
be $9.00 per lin. ft. 

If, however, the lightest weight of 24 in. C. I. P. was 
acceptable to the railway company, and no concrete bed or cradle 
required beneath the pipe, still the pipe culvert would cost $5.69 
per lin. ft. as against $4.85 for the reinforced concrete culvert. 

The advantage claimed for the reinforced concrete culverts 
are: 

1. Strength equal to that of the stronger and heavier grades 
of C. I. P. 

2. Durability equal, if not superior, to C. I. P. 

3. More than 50 per cent. greater area of water way than 
was provided by 24 in. C. I. P. 

4. The materials of which it is built are much more easily 
hauled over rough country, 
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5. It costs only about two-thirds as much as C. I. P. 
The saving over C. I. P. would be much greater for the 
larger sizes of culverts. 


BripGeE FLoors. 

Another use of reinforced concrete as a very important part 
of a railway structure that seems destined to demand greater 
attention in the future is found in its application to bridge floors. 
As municipal and state legislation becomes more and more severe 
and exacting on the question of grade separation, railways will 
be compelled to give the subject of water-tight bridge floor more 
attention than they have in the past. Many types of the wooden 
and steel bridge floors have been tried, some of them being very 
expensive, and, while satisfactory for a limited time, all have so 
far proved comparatively short lived. 

Fig. 1 shows a reinforced concrete bridge floor of consider- 
able proportions (81 x 349== 28,269 sq. ft.) which has given 
perfect satisfaction during the limited time it has been under 
traffic (less than one year). 

The advantages claimed for it are permanence or long life; 
small maintenance costs ; superior track facilities, making it possi- 
ble to have switches and crossovers at any points desired, in fact 
it may be made a veritable railway yard supported on plate gir- 
ders ; it can be made as waterproof as desired, and with the depth 
of ballast shown the track is easily maintained at reduced cost. 
Economy both as to material and labor involved in its construc- 
tion amounting to from 30 to 40 per cent. over cost of steel 
channel floor for same purposes. 

A square 10 x 10 ft. contains 3,704 cu. yds. of concrete and 
718.4 lbs. of steel as built, while a standard channel floor com- 
posed of 15-in. channels protected by 4-in. gross and I-in. net of 
concrete contains 1,234 cu. yds. of concrete and 2,640 Ibs. of 
steel. 


OVERHEAD HIGHWAY BRIDGES. 
Overhead highway crossings as they are commonly built 
of wood or steel are a continual source of annoyance from a 
maintenance point of view. 
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The sulphurous fumes from locomotives are very active, 
and rapidly attack all exposed steel, making protection of the 
best kind very necessary. Wooden floors or suspended wooden 
ceilings are very poor protection, and are themselves very severely 
attacked by the destructive agencies that they are intended to keep 
from the steel. They also rot out quite rapidly. 

Added to these unavoidable disadvantages comes the occa- 
sional destruction of a complete structure by fire. This is by 
no means an uncommon occurrence on railroads, and usually 
structures in rural districts having no fire protection are the ones 
destroyed in this manner. 














FIG, 2.—REINFORCED CONCRETE RETAINING WALL AT BUFFALO, N, Y. D., L. 
&é& WwW. 2 8 


Concrete is the only building material that seems absolutely 
unaffected by ordinary rot, rust, fire or fume corrosion, and is 
therefore unquestionably the best material to use in such cases. 
The structure can either be perfectly protected by concrete, or 
it can very conveniently be built entirely of concrete properly 
reinforced. Several roads have already profited by past ex- 
periences with the old types of construction and protection, and 
are now building of reinforced concrete. 

An overhead crossing structure built entirely of reinforced 
concrete and illustrated in sketch is thought to have all the advan- 
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tages in the way of permanence of construction that it is pos- 
sible to obtain through the use of reinforced concrete, and very 
few of the disadvantages of other types of construction. 


RETAINING WALLS. 

Retaining walls built of reinforced concrete offer valuable 
economies to railways doing any considerable amount of track 
elevation or depression. 

Walls of the section shown in Fig. 2 have proven economical 
and successful. 











FIG. 3.—TRACK ELEVATION AT CHICAGO, ILL. C., B. & Q. R. R. 


Reinforced concrete retaining walls in connection with over- 
head highway crossing structures make a splendid combination 
for ordinary track depression in suburban districts. 


TRACK ELEVATION. 

In the case of track elevation there is no part of the problem 
that cannot be worked out very satisfactorily in concrete. The 
retaining wall problem being practically the same in either track 
elevation or depression, the footings and walls are readily worked 
up in plain or reinforced concrete. 

The structure supporting the ballast and track can also be 
designed of the same materials, as has been so well illustrated 
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by the track elevation of the Chicago, Burlington and Quincy 
and the Illinois Central railways in Chicago. (See Fig. 3.) 

The long span slabs were 2 ft. 10 ins. thick, by 6 ft. 6 ins. 
wide, and were 25 ft. over all, weighing from 30 to 35 tons each. 
(See Fig. 4.) They were cast in the railway yards and allowed 
to season, then were lifted on flat cars by special crane, or ordi- 
nary wrecking engine, and deposited in place by same machine. 
Arter being thoroughly waterproofed, ballast and track were laid 
upon them, and they were at once ready for traffic. 














FIG, 4.—REINFORCED CONCRETE SLABS FOR TRACK ELEVATION AT CHICAGO, ILL. 


CoaL TRESTLES, BINS AND STATIONS. 


Coal trestles, coal storage bins, and coaling stations have 
long been built of reinforced concrete, and are steadily growing 
in popularity wherever they have been tried. 

A retail coal pocket and a power house coal trestle and 
storage pocket are shown in Fig. 5. 

Grain elevators are often considered railway structures, and 
as such are best built of reinforced concrete. When properly 
constructed, they are absolutely proof against fire, water or 
dampness, decay, dust and vermin. Where grain has to be 
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stored for any considerable length of time, these are the important 
and essential qualities of the ideal grain elevator. A number of 
railroad companies have shown their appreciation of these ex- 
cellent qualities by building their elevators of reinforced con- 
crete. The Pennsylvania and Baltimore and Ohio railways have 
enormous elevators of this kind at Baltimore, Md. (See Fig. 6.) 

The Western, Northwestern and Canadian railroads have 
also been quick to see and appreciate the superiority of reinforced 
concrete over all other building materials for this class of 
structures. 











FIG. 5.—-REINFORCED CONCRETE COAL TRESTLE, 


Docks. 


For railways owning valuable water front, and most rail- 
ways do own some property of this kind, the question of dock 
construction is an important one. Owing to the great danger 
from fire, reinforced concrete again affords ample protection, 
inasmuch as the entire dock from the cut off of piles may con- 
veniently be built of this material. 

Fig. 7 shows the first of a series of piers to be built on the 
same general scheme along a railway yard ship canal. A typical 
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FIG. 0.—REINFORCED CONCRETE GRAIN ELEVATOR AT BALTI- 
MORE, MD. a & GQ BE @. 
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cross section is shown in Fig. 8. The piles are first capped and 
floored over, then the heavy sea-walls of concrete, reinforced 
against shrinkage and shock, are built around this large plat- 
form. The footings for columns and side walls are also started 
from this level, then the cinder filling up to the level of tracks 
and floors is put in, and in the case of the floors a concrete pave- 
ment is laid over the entire area. 

The side walls and roof are made of concrete, the only 
exposed steel being the I beam girders and purlins of the roof, 














FIG, 7.—REINFORCED CONCRETE PIER. 


which might also have been protected, if further protection had 
been deemed necessary. This pier is divided transversely by a 
12-in. concrete fire wall. 


STATIONS AND TERMINALS. 

Railway stations, train sheds, and terminals built entirely 
of concrete are not at all uncommon. Some very handsome 
stations have been built entirely of reinforced concrete in com- 
petition with other building materials. (Fig. 9.) 

The very extensive use of reinforced concrete in the new 
terminals of the Hudson tunnels, the Pennsylvania, New York 
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Central, and Delaware, Lackawanna and Western railways in 
and about New York City, shows the growing favor with which 
railways in the East are now looking upon reinforced concrete 
construction. 

A typical signal tower is shown in Fig. to. 

A good place to make use of the compressive strength and 
weight of concrete is illustrated in Fig. 11. 


TRAIN SHEDs. 

The Bush type of train shed was recently adopted by the 
Chicago and Northwestern Railroad in their new Chicago 
terminal and illustrates the extensive use of reinforced concrete 
involved in such construction, and the consequent economies 
from the maintenance standpoint. No steel is in any way ex- 
posed to locomotive fumes, which always limited the life of the 
old type of train shed. The roof and smoke duct are built 
entirely of reinforced concrete. Locomotive gases are discharged 
directly into the open air, much to the improvement of the atmos- 
pheric conditions in the shed and the comfort of the passengers. 

The shed is always light and airy, being free from all offen- 
sive odors, and the extreme heat usually prevalent in large 
terminals during the summer months. 

In the Hoboken Terminal train shed of the Delaware, Lacka- 
wanna and Western Railroad an additional use of reinforced 
concrete is made in the platforms themselves, which consist of 
a regular system of girders, beams and slabs. This was neces- 
sary because the shed was built entirely on “made” ground with 
very soft bottom. The columns, platforms and even the fence 
between tracks rest upon pile foundations capped with concrete. 


SUBWAYS AND TUNNELS. 

Subways and tunnels are most conveniently and _ satisfac- 
torily built entirely of concrete or lined with it. The track itself 
may even be laid directly in the concrete proper, as it is in part of 
the Hudson tunnels under North River. 

A tunnel for heavy and fast steam railway traffic that may 
be of interest is illustrated in Fig. 12, showing the entire lining 
and road bed of concrete, which should prove very economical 
in maintenance. 
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The old Lackawanna tunnel through Bergen Hill is lined 
with brick for a part of its length, yet fourteen men are employed 
every night in the year inspecting the tunnel and repairing the 
track, which is very difficult to maintain on account of the 
extremely heavy traffic. Three workmen have lost their lives at 
this work within the last few years. In the new tunnel this 
expensive and dangerous maintenance work, costing approxi- 
mately $6,000 annually, will be almost entirely eliminated. 











FIG, 9.-—-REINFORCED CONCRETE KAILROAD STATION, 


Roap Bep AND TRACK. 

If this type of road proves efficient and satisfactory on a 
solid rock foundation, experiments should be made with it in 
cuts and on well-settled earth fills—where it may have a great 
future. 

As so many of the better railroads now have their lines 
perfectly ballasted with good clean broken stone or gravel, it is 
but natural to see how readily these could be converted into first- 
class concrete. 
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Elevated structures, subways and tunnels where track is 
thus laid directly in the concrete, should furnish the earliest 
reliable data on this point. 

















FIG. 10.—REINFORCED CONCRETE SIGNAL TOWER 
AT HOBOKEN, N. J. 


SHOP AND WAREHOUSE BUILDINGS. 


All the advantages enjoyed by the ordinary reinforced con- 
crete building over like structures built of steel and wood are 
enjoyed by the reinforced concrete shop and warehouse build- 
ings for railway purposes. 
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The chief advantage lies in their fireproof quality, but the 
greatly reduced insurance rates obtainable on such buildings and 
the economy in first cost when these structures are of such size, 
and are designed for loads heavy enough to render economies 
in first cost possible, are the arguments that usually decide the 
question in favor of the reinforced concrete structure. 


3RIDGES AND VIADUCTS. 


The arch bridge or viaduct seems destined to become the 
most important of all railway structures that can be built to 








FIG. II.—REINFORCED CONCRETE BUMPING POSTS. 


advantage of plain or reinforced concrete. Not only is the arch 
with proper foundations the most enduring type of structure 
that can be built, but it is also a thing of beauty, and its main- 
tenance costs are practically nothing during its entire period of 
usefulness. 

The old stone masonry arch had many fine qualities to 
recommend it, but it also had its limitations. In fact the failures 
of first-class old masonry structures show clearly the necessity - 
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of reinforcement and furnish best guide to proper method of 
reinforcing the concrete to prevent similar failures in reinforced 
concrete construction. 

The concrete arch has many points of superiority over the 
stone arch. In the first place it can be so reinforced that there 
will be no tension in any direction in the masonry proper; sec- 


ondly, economies in yardage of masonry can be nicely worked 
out in concrete that would be considered inappreciable if the 








FIG, 12.—VENTILATION SHAFT AND CONCRETE ROADBED IN NEW BERGEN HILL 
TUNNEL, 


same plans were executed in stone; thirdly, the difficult and 
expensive construction of skew arch spans when built of cut stone 
is greatly simplified by the use of concrete. By means of system 
of offsets in the skewbacks and the proper distribution of a 
small amount of reinforcement, this skew construction is ren- 
dered simple and inexpensive. 

And lastly the concrete masonry is very much cheaper per 
cubic yard and can be put in place much faster than stone, both 
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decidedly important items to consider, especially when the struc- 
ture is built under traffic, or where there is a likelihood of losing 
the centering and structure on account of freshet. 

The reinforced concrete arch or viaduct has even greater 
advantages over like steel structures than over stone masonry 
for ordinary railway spans, which may be summarized as follows: 

1. A reinforced concrete arch viaduct may reasonably be 
expected to have a life many times that of a steel structure. A 
fact that may justify several times the investment necessary to 
secure permanent construction. 











FIG. I13.—DOUBLE TRACK ARCH OVER VERMILION RIVER, DANVILLE, ILL. 
BIG FOUR. 


2. Its maintenance costs are almost negligible. The elimina- 
tion of painting alone warrants a first cost expenditure 10 to 15 
per cent. in excess of the first cost of steel structure requiring 
paint. 

3. Track is easily maintained on such a structure, ordinary 
track ties and ballast taking the place of the expensive bridge 
ties of a steel structure, thus guaranteeing a safer and better track 
for fast traffic, and economy in renewal of timber deck. 

4. Danger of derailment is lessened, but even in case of 
derailment on a concrete structure the consequences would cer- 
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tainly be less disastrous to the traveling public, as well as to the 
structure itself. A derailed car or a projecting piece of heavy 
freight upon striking an important compression member of a 
steel structure has been known to wreck it or render it unsafe 
for traffic until repaired. 

5. In riding over a structure built of reinforced concrete 
with a ballasted floor there is none of the attendant noise and 
lurching of the train as it strikes the unyielding backwalls of 
the bridge masonry and the steel floor of the bridge proper. 

To the passenger, the absence of the familiar roar in Crossing 
a bridge is particularly gratifying, and the visible hand railing 
and substantial masonry copings give him an additional sense 
of security, not enjoyed on most steel structures. 


EXISTING AND Proposep ArcH VIADUCT STRUCTURES. 


Probably the best way to summarize the subject of railway 
arch viaducts would be to review briefly representative struc- 
tures on each of a number of railways using them. 


Bic Muppy River VIADUCT. 


The Illinois Central Railway arch viaduct over the Big 
Muddy River near Carbondale, Ill., was perhaps the first long 
viaduct of this kind to be built in this country. It consists of 
three semi-elliptical spans of 140 ft. each having a rise of 30 ft. 
The use of spandrel arches over the main arch rings gives this 
structure a very handsome appearance and at the same time con- 
siderably lightens the load on the pile foundations. 

The structure has been under traffic about six years and has 
not in all that time shown any defect or weakness, neither has 
it cost the company one cent for maintenance. 

It cost approximately $125,000.00 or about $250.00 per 
linear foot of its total length of 502 feet. It is a double track 
structure and was built under traffic. 


DANVILLE ARCH VIADUCT. 


The Big Four Railway arch viaduct over the Vermiiion 
River at Danville, Ill. (Fig. 13), is another of the older struc 
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tures of this type that has given excellent satisfaction during the 
three years or more that it has been under traffic. 

It contains about 12,000 cu. yds. of concrete, all of which 
was placed in the remarkably short time of four months. It 
was built and thrown open to traffic in considerably less time 
than it was possible to secure steel deliveries at the time of its 
construction. The viaduct is built on a shale foundation 95 it. 
from base of rail. The structure requires no painting and its 
first cost was actually less than the estimated cost of a somewhat 











FIG, 14.—VIEW OF LONG KEY FROM REAR PLATFORM OF TRAIN ON VIADUCT. 


longer steel viaduct necessary for the same site if the latter 
had been used. 

Unforeseen foundation difficulties increased the cost of this 
structure slightly, but the same conditions would correspondingly 
have increased the cost of a steel viaduct. 


Key West VIAbuCcTs. 
The concrete construction of the Key West extension of 
the Florida East Coast Railway as originally planned consisted 
of about 500 reinforced concrete segmental and semi-circular 


arches of from 45 to 60 ft. span, and had a total length of about 
6 miles. 
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This immense concrete undertaking was to have been divided 
into four separate and distinct viaducts, as follows: 

1. The Long Key Conch Key viaduct 10,500 ft. long, 

2. The Knights Key Channel viaduct about 7,800 ft., 

3. The Moser Channel viaduct about 7,300 ft., 

4. The Bahia Honda Harbor viaduct about 4,950 ft., com- 
posed entirely of 60 ft. arches. 

Arch rings of the first viaduct are 15 ft. wide and 2 ft. thick 
at crown and are 4 ft. 6 ins. thick at tops of piers. The piers 








FIG, I5.—LONG KEY VIADUCT AS SEEN FROM THE EXTREMITY OF LONG KEY 
DOCK. 


themselves are 21 ft. long and 7 to 12 ft. in width, every fifth pier 
being considerably wider than the others to act as an abutment 
during construction and as a protection to structure in case of 
the destruction or failure of one or more adjoining spans. 

Up to the present time only one of the four viaducts has 
been completed. 

The Long Key viaduct, consisting of 183 fifty-foot semi- 
circular arch spans, is the longest structure of its kind ever built. 
It was constructed as a monolith from end to end and under 
the favorable climatic conditions of southern Florida, no tempera- 
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ture or shrinkage cracks are visible except under the closest 
inspection. Such cracks as have developed, in the coping mainly, 
are very minute and are so few and far between that they are 
not considered dangerous or even objectionable. Figs. 14, 15, 16 
and 17 illustrate this viaduct. 

Work upon the three remaining structures is now being 
pushed to completion as rapidly as possible. In order to get this 
road in operation to Key West at the earliest possible date and 
also to reduce first cost to a minimum, the superstructures of 











FIG. 16.—VIEW OF LONG KEY VIADUCT WITH CENTERING IN PLACE, 


the remaining viaducts will be of steel (plate girders and through 
trusses), resting upon reinforced concrete piers. The lengths 
of the several viaducts are also considerably changed according 
to the new plans. 

SANGAMON RiIveER VIADUCT. 

The Wabash Railway recently built a reinforced concrete 
arch viaduct over the Sangamon River near Decatur, IIl., that 
deserves more than passing mention. It is built on a skew of 45 
degrees and has very novel skeleton abutments, each consisting 
of two side walls, and connected by two horizontal cross slabs 
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or diaphragms, on the upper one of which track and ballast is 
laid for traffic, the lower slab acting only as a tie between the 
two vertical sidewalls. 

This structure cost $117,000.00 approximately or only $191.00 
per lin. ft. of double track viaduct. 

It replaces a steel structure composed of one 158 ft. truss 
span, two 116 ft. truss spans and two 40 ft. plate girders erected 
in 1885. Time of building the concrete structure was one year. 


PAINESVILLE ARCH. 


The Painesville arch viaduct of the Lake Shore and Mich- 
igan Southern Railroad is a handsome four track structure hav- 











FIG. 17.—STRIKING CENTERS UNDER LONG KEY VIADUCT ARCHES, (Some centers 
had to be jacked down after wedges were completely withdrawn.) 


ing a channel! span of 160 ft. at each end of which there is an 
80 ft. semi-circular approach span. This structure has been 
under traffic but a few months. The main arch with its 160 ft. 
clear span and 56 ft. 3 ins. rise gives this viaduct the distinction 
of containing the longest span railway arch in this country. 


Nores ON EUROPEAN CONCRETE VIADUCTS. 
European engineers have found plain concrete arches of the 
three-hinged type very economical for railway structures. Much 











Davis ON ADVANTAGES OF CONCRETE FOR RAILWAYS. 299 


longer spans have been built there than American engineers have 
yet attempted. 

Two very handsome structures of this kind at Kempten, 
Bavaria, one a double and the other a four-track structure, 
have channel spans of 211% ft. each. The total cost of these 
structures as given by the Engineering Record, Vol. No. 55, No. 
19, was only 1,156,000 marks, showing a saving of 264,000 marks, 
or 22.8 per cent. over estimated cost of steel structure for same 
sites. 

A single track viaduct containing a channel span of 187 ft. 
over a tributary of the Danube at Lautrach, also in Bavaria, 
affords another interesting example of European railway practice. 
This structure, according to the authority before quoted, cost only 
91,000 marks, or approximately $18,200, while the estimated cost 
of a corresponding steel bridge was 110,000 marks. Based upon 
the above figures and the total length of viaduct including 
approach spans, this structure cost approximately $66.50 per 
linear foot of single track structure. The use of concrete in 
this case made possible a saving on first cost alone of 20.9 per 
cent. over that of a corresponding steel structure. 


CONCLUSION. 

In the foregoing discussion of the uses and advantages of 
reinforced concrete for railroad construction, no attempt has 
been made to include all of the uses of reinforced concrete in 
railway construction, or even to be complete in the discussion 
of any one subject. Reinforced concrete ties, telegraph poles 
and other equally important and interesting subjects could not 
even be mentioned. The facts have been roughly pointed out and 
in most cases as briefly stated as was consistent with clearness. 

In conclusion, let it be clearly noted that reinforced con- 
crete construction, while usually cheaper in first cost than the 
other building materials, in all the cases above cited, has certain 
structural and physical advantages that would amply justify 
its use even though its cost were very much in excess of the 
costs of other types of construction. 








CONCRETE PILES—FORMS, ADVANTAGES AND COST 
AS COMPARED WITH WOODEN PILES. 


By C. W. GayLorp.* 

In taking up the subject of the comparative cost of wood 
and concrete piling and further discussing the various forms of 
concrete pile construction as it is practiced in America to-day, 
this paper will be confined to foundation piles, especially those 
under buildings and to the most widely known of the concrete 
pile systems. The phase of the subject pertaining to reinforced 
concrete piles in wharf and dock construction will not be touched 
upon, nor the special forms of concrete piles adapted to peculiar 
subsoil formation. In discussing the comparative cost based on 
actual work done, it is only fair to omit the subject of wharf and 
dock work where concrete piles have had little chance to prove 
their utility and confine the discussion to building foundations 
where concrete in open competition with wood has had such a 
remarkable success in the past few years. Before, however, 
taking up the comparison of cost, let us consider the history of 
concrete piling and explain the several prominent systems which 
are structurally adapted to varying conditions and have been 
used successfully. 

As with many other forms of concrete or reinforced concrete 
construction, concrete piles were first used abroad, although now 
American methods are superior and are meeting with consider- 
able interest and general approval throughout Europe. Henne- 
bique was the first engineer to use reinforced concrete piles. 
Since 1896 he has designed and driven many forms of “made-up” 
piles for both bearing and sheet piling purposes. The pile gen- 
erally used by Hennebique is 12 ins. square in section reinforced 
at the corners with four round bars about 1 in. in diameter and 
held together with heavy iron wire tires about every 8 ins. Figs. 
1 and 2 illustrate the manufacture and driving of this type of 
pile. 





*Chicago, Ill. 
(300) 
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Since the introduction of the Hennebique pile there have 
been many different forms of the made-up reinforced concrete 


I.—HENNEBIQUE REINFORCED CONCRETE PILES. 


FIG. 








piles used abroad, and all the development has been along these 
lines. It is, however, unnecessary to discuss further the Euro- 
pean methods, as the situation there is far different from what 
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it is here. There the extremely high price of wood piling has 
allowed favorable competition with the expensive made-up re- 
inforced concrete pile, and the engineers have lacked the incen- 
tive that has brought out and perfected our cheaper methods. To 
illustrate this point, take the reinforced piles in Southampton 
Harbor, England. To reproduce these here, under similar cir- 
cumstances, would cost nearly $3.00 per lineal foot. This brings 
us to the introduction of concrete piles in America. 











FIG, 2.—DRIVING HENNEBJQUE PILES. 


In 1901 A. A. Raymond, of Omaha, the inventor of the 
Raymond system, was the first to awaken the American engi- 
neering world to the possibilities of concrete in the form of 
piling. The Raymond system was a radical departure from any 
of the European methods, all of which. omitting one minor excep- 
tion, were developed along the line of the made-up pile, which 
had to be cast first and then driven like a wood pile after the 
concrete had set. Mr. Raymond devised a system by which he 
was able to mold the pile in place. 
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FIG. 3.—RAYMOND CONCRETE PILE, 
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Briefly described, Raymond concrete piles are made by driv- 
ing a tapering sheet steel shell or pipe to refusal by means of a 
collapsible steel core, withdrawing the core and thereupon filling 
the shell with concrete. Fig. 3 shows this style of pile. A repre- 
sents the shell, driven in the ground. B represents the exterior 
plates (34 in. thick) of the pile core. C represents the stem of 
the pile core, made of extra heavy pipe of diminishing diameter 
as the lower end of the pile core is approaches. D represents the 
wedge-shaped castings fitted to the exterior plates. E represents 
the corresponding wedges fitted to the interior stem. This wedge 
is made of a steel casting, which also acts as a collar for coupling 
together the various sizes of pipes forming the stem. F repre- 
sents hinges linking the exterior plates and interior stem of the 
core. Note their position when core is expanded. G represents 
the head of the core, made of cast steel hollowed out at the top 
to receive an oak cap block, which receives the blow of the 
hammer. H, keys to keep the exterior plates in place when ex- 
panded. K represents cross section, showing opening between 
plates to allow for collapsing. L, steel leads of driver. Left 
hand sectional view of Raymond pile core, shows collapsing and 
expanding device. (Steam hammer in the leads resting upon the 
core.) In this illustration the shell is driven and the core ex- 
panded. Right hand sectional view of pile, core collapsed and 
ready to withdraw from the shell. Note that wedges D and EF 
are no longer in contact, thus allowing the plates B to collapse 
toward center of core, leaving a space between plates B of 
core and shell A. Note also position of hinges F when core is 
collapsed. 

The sections overlap sufficiently to exclude any soil, water 
or other foreign substances that might otherwise gain admission 
into the shell while it is being placed. After the core is com- 
pletely encased in the shell, it is driven to refusal. The core is 
thereupon withdrawn by bringing the segments together, or col- 
lapsing the core, as the operation is termed. The shell, which is 
of sufficient strength to retain its shape after the withdrawal of 
the core, remains permanently in the ground and forms a mold 
or form for the concrete. 
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The particular advantages claimed for this system are that 
with the use of a steel shell there is a form for every pile which 
absolutely protects the concrete until it has fully set and in every 
case assures a pile that can be easily inspected; that, on account 

















FIG, 4.——-PILES FOR ATLANTIC CITY BOARDWALK, 
RAYMOND PILES. 


of tapering shape and the increased diameter that can be given 
to the core, a great increase in bearing power is obtained and 
much shorter piles may be used than when a pile without taper 
is driven, and that, further, the steel core can be driven to refusal 


20 








306 


GAYLORD ON CONCRETE PILEs. 


or a penetration not to be thought of with a wooden pile and the 


full bearing power of the soil developed beyond a doubt. 


Con- 
crete foundation piles are as a rule not reinforced, but this can 
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FIG. 5.—DRIVING PILES AT ATLANTIC CITY, N. J. 
RAY MOND 


construction. 


The Raymond piles are driven with the ordinary pile-driving 
outfit, with the addition of a few changes to adapt the core to 


PILES. 


easily be done, as, with the core withdrawn, the placing of rein- 
forcement and concrete is nothing more or less than column 
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FIG. 6.—STANDARD SIMPLEX CONCRETE PILES, 
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the leads, etc. Considerable speed can be maintained in driving 
them, as over forty piles have been driven in a day. Fig. 4 
shows piles for the Atlantic City Boardwalk, and Fig. 5 illus- 
trates the method of driving. 

In 1903 Mr. Frank Shuman, of Philadelphia, patented the 
Simplex system, which is another type of concrete piling molded 
in place. In addition to the general advantages of concrete piles, 
the particular claim made by the Simplex Company is that by 
ramming the concrete is driven into the surrounding earth and 
the bearing power of the pile greatly increased by the increasing 
of the frictional resistance of the sides; that the large size of 
pipe used for driving compresses the earth far in excess of 
what can be done with the largest wooden pile now used; and 
that any advantages to be had from the bearing of the sub- 
strata directly under the point is utilized by keeping the diameter 
of the pile uniform. The Simplex pile can be reinforced, although 
this is not generally done with the ordinary foundation piles. 
Fig. 6 illustrates this type of pile. 

About 400 to 500 lineal feet of piling is given as an average 
day’s work for a single pile driver and crew, although as many 
as 31 piles 30 ft. long have been driven in one day. 

Since 1903 there has been a number of new inventions in 
the concrete piling field, and some very ingenious devices have 
been made to meet obstacles which have presented themselves. 
These new systems have all been developed along the lines of 
the made-up pile, being cast first and driven like a wooden pile 
or jetted after the setting of the concrete. The most known of 
these new types are the Gilbreth, the Chenoweth and the Cum- 
mings. Briefly stated, they are as follows: 

The Gilbreth pile is a corrugated tapering concrete pile rein- 
forced with Clinton electrically welded fabric 34 in. wires, 3 ins. on 
centers longitudinally with 1% in. wires, 12 ins. on centers around 
the pile. The pile is made as an octagon, tapering from 16 ins. 
in diameter at the large end to 11 ins. at the point, with corruga- 
tions running the entire length of each side. The pile is tapered 
so as to develop the full bearing power of the soil throughout its 
entire length and the corrugations are added to increase the 
surface skin friction and also to form outlets for the water from 
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FIG. 7.—REINFORCEMENT FOR GILBRETH PILE IN PLACE, READY FOR CONCRETE. 
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the jet. There is a hole through the center of the pile formed 
by a plug tapered from 3 to 2 ins. in diameter for ease in remov- 
ing. The piles are cast in wooden forms and carefully cured for 
30 days. They are then handled by an ordinary pile driver and 


GILBRETH PILE. 


AIR POCKETS. 


TURNING FORMS DURING CONCRETING TO ELIMINATE 
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jetted into place by running a 2 in. jet pipe through the hole i 
the center of the pile. The weight of the hammer resting on 
the special driving cap which covers the head of the pile and 
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helps push the pile down into the hole made by the water jet. 
The special driving cap consists of a steel shell with wooden 
blocks at each end and pieces of hose and rope in between to 
form a cushion. When the pile has been jetted nearly into place, 
the hammer and cushion cap are hoisted and the jet removed, 
the cushion cap replaced and the pile driven to the desired pene- 
tration. Figs. 7, 8, 9 and to illustrate the Gilbreth pile. 

The Cummings pile is another type of made-up reinforced 
concrete pile, octagonal in section and of any length up to 6o ft. 








FIG. 9.—GILBRETH PILES IN STORAGE, 


Except when driven to rock this pile is tapered to gain additional 
bearing power and is reinforced as follows: There is a short 
section of electrically welded hooping at the top and bottom of the 
pile, and between these two points spiral flat hooping is used. 
The longitudinal reinforcement is composed of steel angles. The 
pile is also equipped with a malleable iron shoe, which is riveted 
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FIG. I10.—GILBRETH PILE IN PLACE READY FOR CAP AND DRIVING, 
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to the reinforcement. The reinforcement, however, is in each 
case designed for the particular work. The top of the pile is 
protected when driving by a cast steel sleeve with guide lugs. 
This sleeve may be attached to it or it may form an extension of 
the pile head for receiving the resilient medium to cushion the 
direct blows of the steam or drop hammer. The Cummings pile 
is driven or jetted into place like a wooden pile. They have 
been tested in the same manner as the other concrete piles and have 
carried as much as 41 tons without settlement and 63 tons with 
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FIG. II.—CHENOWETH MACHINE FOR MANUFACTURING REINFORCED 
CONCRETE PILES. 


only 4 in. settlement. Generally 1: 2:4 concrete is used in the 
construction of this pile. 

The Chenoweth pile is still another type of reinforced con- 
crete pile cast before driving. This pile is round and is made 
without forms on a special apparatus and is reinforced with a 
steel pipe or rod in the center, a coiled sheet of wire netting and 
longitudinal steel rods placed near the perimeter, equal distances 
apart. 
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The apparatus for rolling the pile consists of traveling plat- 
form and roller between which the pile is formed, see Figs. 11 
and 12. The winding pile or rod in center is set in line of the 
shaft of the large spur wheel shown. In operation the steel wire 
netting with the longitudinal rods attached is spread on the plat- 
form and covered with a layer of concrete, C, Fig. 12. One edge 
of the netting is attached to the edge of the platform, and the 
other edge to the winding pipe or mandrel. Thus arranged, the 
winding mandrel is rotated and the netting and its covering of 
concrete is wound or coiled up as in D, Fig. 12. At the same 
time and as fast as the netting and concrete are coiled up, the 
platform A moves under the roll B and the roll itself rotates. 

The forming cylinder of concrete is by this means kept under 
constant and heavy pressure between the platform and roller. To 




















bind the roll of concrete wires are wound around it at close 
intervals and tied. The wires are contained on spools arranged 
beneath the moving platform. These spools are spaced every 
6 ins. along the pile and fastened to the wire mesh, so that when 
the pile reaches the lower edge of the platform it can be revolved 
about the axis, causing the wire to be wound on the pile. In 
this manner the wire is passed around the pile a number of times 
and secured. At the driving end of the pile the spools are placed 
4 ins. apart for the first 6 ft. of the pile and then 6 ins. apart for 
the remainder of its length. The pile is removed from the 
machine by rolling on to a car, when it is transported to a plat- 
form where the point is formed, flushed up or smoothed, if 
desired, and allowed to remain until it hardens. 

A driving cap is used, consisting of a cylinder of steel with 
a diaphragm midway between the ends. This is placed on the 
pile with a coil of rope as a mat below diaphragm, sawdust and 
a wooden follower block. 


: 
| 
' 
' 

















GAYLORD ON CONCRETE PILEs. 315 


It is claimed for the piles that when reinforced as described 
they are able to withstand any rough treatment in handling and 
driving. The bearing capacity is four times greater than that of 
a wooden pile. A pile 61 ft. long, 13 ins. in diameter, can be 
suspended in the middle, dropped from platform, rolled down 
an embankment and driven in the hardest kind of material. These 
piles show a remarkable degree of elasticity. Chenoweth piles 
are driven with an ordinary wooden pile driver with extra heavy 
hammer. The concrete used is generally 1:2: 3 mixture. 

In discussing a comparison of wooden and concrete piling, 
the basis of cost is generally the final grounds on which the 
prospective user makes his decision. And keeping both forms 
of piling within good engineering practice, cost is a very fair 
basis of comparison. Let us now consider those features of a 
good piling foundation which are absolutely essential and which 
govern the cost. First, the foundation must carry without set- 
tlement the load of the superstructure. Second, it must be per- 
manent. And third, it must be placed with despatch in order to 
save rent, interest, etc., during the construction period. These 
are the three main features in considering a foundation. There 
are others, of course, but they are minor ones which can either 
be neglected or affect the cost of both concrete and wooden 
piling alike. In taking up the first feature mentioned, we assume 
that the load is the same for the both types of piling and, there- 
fore, that the same bearing power must be developed in each. 
Our first problem then is to determine the relative cost of a 
concrete pile as compared with the cost of sufficient wooden 
piling to develop the same bearing power. 

In discussing a subject of this nature, it should be under- 
stood that any statements made must be rather broad and that 
local conditions may change the conclusions reached completely. 
I choose this method in preference to giving the exact data on 
one or two jobs, which are invariably misleading on account 
of these same local conditions. I shall assume average basis for 
comparison and explain as I go along the local conditions that 
might or would change this basis. In general, then, let us 
assume that, per lineal foot, concrete piles will cost four times 
as much as wooden piles driven under the same conditions, that 
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in 90 per cent. of the soils encountered the necessary length of 
the wooden pile is about 50 per cent. longer than the concrete 
pile and that the load carried by a concrete pile can be safely 
doubled over that of a wooden pile. 

In making the first assumption, the ratio of cost is based on 
a number of different cases, and since wooden and concrete pile 
driving is essentially the same operation and as the local condi- 
tions, which affect the actual pile driving itself, influence both 
to practically the same degree, this ratio remains the same under 
varying conditions. The local conditions that do affect the cost 
are the cost of materials themselves, and this must always be 
taken into consideration if varying much from the general 
average. 

The assumption that shorter and fewer concrete piles can 
be substituted for wooden piles is explained by the fact that 
greatly increased bearing power can be obtained by using the 
shape best adapted to develop the bearing power of the soil in 
question, and as the concrete pile supported by the earth on all 
sides is good for practically the safe load that the area of its 
head will hold, therefore, its ability to carry a load is much 
increased by its greater area than that of an average wooden pile. 

Take for example the 20-in. diameter head of a Raymond 
pile. This has 314.16 sq. ins. of head surface—nearly as great 
ns that of three 12-in. piles or over that of two 4-in. piles. As 





every particular pile driving man has experienced, it is much 
easier to drive a slender pile with a 6-in. point than a heavy pile 
with a 10-in. point. Exaggerate this condition, and you have a 
comparison of the load-bearing capacity of the average wooden 
and the concrete pile. Then compare a wooden column with 
one of concrete of 50 to 75 per cent. greater cross section and 
you have the reason why a shorter concrete pile is generally 
good for twice the load or more of a wooden pile in the same 
ground. The condition of the sub-laying strata is the local con- 
dition in this case, and one that can often only be determined 
by the actual test of pile driving, except for places where no 
firm or weight-bearing strata can be found until 5o ft.; tlie 
above will hold true for all but extreme cases. 

In summing up this cost of bearing power, we must con- 
clude that under average conditions, the same bearing power 
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* 
costs about 25 per cent. more when developed by concrete pile 
than when developed by wood piles. So far, the average would 
seem to lie with the wood piling, but further consideration will 
quickly change the scales in favor of concrete. 

The .econd condition to be considered involves the necessity 
of permanency in the foundation and its effect on the relative 
cost. There is only one sure way known to-day to make wood 
piling practically permanent and that is to saw it at a point 
below the water line or at a point at which the pile head will 
be continuously wet. This means that the footings or capping 
which rests on the piles and carries the superstructure must go 





R33 





! iF 52> 
y  __._ ¢ Mean low Werter 
Vertical Section G-H 


FIG. 13. 


down to below the permanent water line. Here is a point where 
concrete pile effects a big saving, as it can be placed entirely 
independent of depth of the water line. (See Figs. 13 and 14.) 
Mr. Shuman, of the Simplex Company, states that in general, 
if it should be necessary to lower the footings for wooden piles 
only 3 ft. on account of the water line, it is cheaper to use a 
concrete pile. The lower the water line below the necessary 
depth of the cellar or basement, the greater is the saving by the 
use of concrete piles, for the lower the foundation footings are 
carried, the greater becomes the cost of these footings, and 
greater the cost of excavation, shoring and pumping during the 
construction period. With concrete piles, there is practically no 
excavation necessary below the basement level, except to give suffi- 
cient depth to the footings to distribute the load, and there is no 
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shoring or pumping. But the above is not the only considera- 
tion that must be given to the water line. When once the wooden 
piles have been placed, cut off and capped, then the water line 
must not drop below the assumed elevation or the wooden piles 
will surely rot. This is, indeed, a serious consideration, and 
one that is attracting considerable interest, especially in the large 
cities. In a recent communication to myself this point is covered 
very clearly: 


You will probably be interested to know that we are constantly 
securing contracts for concrete piles under conditions where wood piles 
could be placed at the same or lower cost and placed below the present 
water level, preference being given to concrete piles, because of the fact 
that water levels are constantly changing in all the cities, due to deeper 
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FIG. 14. 


sewers, freight and passenger subways and changing natural conditions. 
Even in New Orleans where the city proper is below the level of the 
river, the new deep sewers have so changed the water level as to drain 
the tops of wooden piles there. During a recent trip to New Orleans I 
saw foundations for a million dollar building in which wooden piles were 
used, where the new sewers had so lowered the water level as to expose 
piles in this foundation for 5 ft. of their length. It is a well known fact 
that in many of the buildings of Chicago, New York, St. Louis and other 
cities, water has been drained from the tops of wood piles and they have 
begun to decay with very serious results. 


Here, then, is one of our local conditio: s which, if present, 
would make wooden piling dear at any price and with perma- 
nency in view gives the preference to concrete piles practically 
without any other consideration. Although the first require- 
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ment showed that wooden piles were about one-fourth cheaper 
than concrete piles of the same bearing power, yet the advan- 
tage of permanency will offer this difference in cost of the low 
water line at which the wooden pile must be cut off is only 3 ft. 
below the basement. Add to this the fact the uncertainty of the 
maintaining of the water line at the required level and the 
balance of the scales is decidedly in favor of concrete. 

We now come to the consideration of the third requirement 
—the time of construction. Without a question of doubt in a 
large majority of cases there is considerable saving of time in 
the use of concrete in place of wood piling. This saving in time 
comes from decreasing of the excavation and the avoiding of 
shoring and pumping. It takes practically the same time to 
assemble a concrete pile driving plant as it does a wooden pile 
outfit and even if the made-up reinforced concrete pile is used, 
the piles can be made at once and the concrete allowed to set 
while the necessary excavation and assembling of plant goes on, 
or the first few piles driven can be shipped out of stock. In 
using concrete there are generally about one-half the number 
of piles to be driven and usually much time is saved, although 
there is no system of concrete piles of which as many can be 
driven as of wood piles under similar conditions. The best 
record for concrete piles is forty-two piles driven in one ten-hour 
day. When it comes to the capping and footing the consider- 
able reduction in the size by the use of the concrete pile makes 
a great saving in time possible. This saving in the time of con- 
struction means a gain in rent on the finished building, but is, 
however, often overlooked by prospective builders. It is de- 
clared that in the construction of the building of the Pittsburgh 
Terminal Warehouse and Transfer Company, the rent for the 
time saved by the use of concrete piles over the next available 
form of foundation, actually paid for the foundation itself. While 
this was not in comparison with the wooden pile foundation, 
which in this case was out of the question, it shows the import- 
ance of this point. 

In conclusion, we may sum up the comparison as follows: 

The only disadvantage of concrete piling is in the slightly 
increased cost over wooden piles having the same bearing power. 
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This, however, is only for the naked, uncapped pile. The ad- 
vantages of concrete over wood are, first, its permanency under 
any conditions, regardless of the nature of the soil; second, the 
saving in cost due to the great reduction in the size of the foot- 
ings made possible by the use of fewer piles of greater bearing 
power; third, no danger as to the lower water line, thus saving 
considerable excavation and all shoring and pumping; and, 
finally, the gain in building rental and saving of interest charges 
on investment due to the speed made possible by the substitu- 
tion of concrete piles for all other types. Now it is apparent 
that in the total cost of a foundation, concrete piles afford the 
greatest economy in construction. 











VALUE AND COST OF STEEL CENTERS FOR THE CON- 
STRUCTION OF CULVERTS AND BRIDGES. 


By L. H. Scorr.* 

The bridges of the world that have stood the greatest test of 
time are arches. Some of the stone arches built by the Romans 
over two thousand years ago are in good condition to-day. 
These arches were without reinforcement and if an arch properly 
built of stone will stand for ages, one of concrete and steel is 
the very best type that can possibly be built. Arches are by far 
the strongest type of bridge construction, as an arch can be so 
designed that the entire strain will be compressive instead of 
tensile. There is an impression that arches are not practical in 
level countries, which is not so in the opinion of the writer. We 
have been building arches in the level sections of Illinois with the 
very best of results. 

Since concrete has met with such favor as a factor in per- 
manent highway construction, especially in the use of arched 
culverts and bridges, and since the building of culverts and 
bridges necessitates considerable time and expense in the con- 
struction of forms, under the prevailing method of using lumber, 
and wishing to be of some service to our great industry. I take 
great pleasure in describing a method of forms for arches by 
means of a system of sectional forms made of steel which is, in 
my opinion, far in advance of the old methods as to cost, time, 
efficiency and symmetry. 

The writer has been engaged in the construction of arched 
culverts and small bridges for the past three years. The first 
two years our Company used wood forms in the usual manner. 
We had just the same trouble all of you have had in this class 
of work, perhaps more than the average, perhaps less, but trouble, 
nevertheless. It is after a season of bridge building tHat has been 
both very satisfactory in every respect, especially from a financial 
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point of view, and very pleasing to the county and township 
officials with whom we have dealt, that I describe the system of 
steel forms we use. 

These forms are made of sheet steel connected with channel 
and T-irons by means of 5/16-in. button-head stove bolts. The 
sheets at retaining or end walls are connected by means of channel 
irons running the entire length of the wall, while the sheets over 
the arch are connected and supported by means of T-irons bent 
to the proper radii. The rigidity of the sheets themselves together 
with the channels at retaining walls and the Ts under the arch, 
eliminate the need of any bracing other than the bolts that are 
used to hold the channels together in retaining walls. The form 
set up in place is a veritable bridge in itself, with practically the 
same effective area of waterway as the finished bridge. All con- 
tractors in this line of work will certainly agree that this form in 
place is not only a great saving, by eliminating the use of bracing 
and underpinning, all of which are treacherous, but also from 
probable loss by freshets while the work is underway. As this 
form cannot be harmed by any freshet that will not harm the 
finished bridge, the contractor may feel relieved of any liability 
from that source. After the foundation is laid there is nothing 
to fear from rains. 

This sectional form is set upon the foundation. For the 
ordinary culvert and small bridge—say a 15-ft. elliptical arch— 
but two men and two days are required. These two men are 
simply good honest workmen who know how to hold a wrench or 
turn a screwdriver. Think of a form like that being set up in so 
short a time by two ordinary workmen, «he expense of which 
would not exceed $10.00. Compare this with the cost of forms 
for the same in wood. 

The superstructure for this form consists of ribs of T-irons, 
making the span in two pieces that are coupled in the center by a 
plate similar to that used in coupling small rails. This joint is 
wedged apart by means of a cut nail, driven between the T ends, 
for the purpose of affording slack by drawing out when the form 
is to be taken down. As soon as two of these ribs have been 
coupled and placed, the first arch sheet is bolted on, after which 
the form is self-supporting. Other rib arches and arch sheets are 
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simply bolted on until the form is set up. This work goes on very 
rapidly as the man, on the outside, places the sheet and inserts the 
bolt, and the man on the inside turns the burrs on by means of a 
socket wrench in a carpenter’s brace. The arch sheets used are 
12 gauge steel, all punched carefully to a templet so that they will 
fit exactly with either side up or either end to. The workman 
simply brings a sheet of steel that requires no fitting instead of a 
piece of lumber that invariably does. The retaining wall is con- 
structed of 10 gauge steel and channel irons stayed by means of 
¥4-in. bolts connecting the channels at intervals of 3 ft. These 
bolts are pulled out of the wall when the form is taken down, 
leaving holes which are very essential as weep-holes. All arch 
sheets are exactly 8 ft. long and 2 ft. wide, and the sheets, for 
retaining walls, are 10 ft. long. All sheets are alike, except that 
the arch sheets which join the retaining walls are so shaped as to 
provide for the necessary batter in the retaining wall, and the 
retaining wall sheets which abut the arched portion are cut to 
correspond to the radius of the arch. These sheets belong to a 
particular size bridge form, also the iron ribs. All other sheets 
and parts may be used in any size bridge. 

These sectional forms are prepared so as to construct arches 
of any span from 5 ft. up, in multiples of 5 ft. One of these 
forms may be used an indefinite number of times and is always 
as good as new, while it is impossible to use lumber more than 
three times with any satisfaction, no matter how good the quality, 
or how painstaking the form gang. 

Steel forms of this type are lighter than a wooden form for 
the same size bridge. The form for a 15-ft. arch, complete with 
end walls, bolts, etc., weighs but 8,000 lbs. and can easily be hauled 
in two loads, but the material for forms for the same bridge in 
lumber weighs about twice that amount. It is a fact that there 
is less weight to transport in one of the forms than there is in the 
lumber, stakes, studding, and braces that are required for the 
forms in wood. You also have the satisfaction of knowing that 
you have just what is required for the work instead of having to 
send for more material or to haul more than is necessary. The 
point is simply this: every pound of these steel forms counts for 
service without any extras to haul. 
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One of the chief reasons that these sectional steel forms are 
money savers, money makers, and a good investment for the 
contractor engaged in such work, is that they will enable him to 
figure closer and still allow himself a better margin for profit than 
he possibly can when using lumber. Another reason is that these 
forms are perfectly tight and do not leak in the least, and the 
finished work not only looks much better, but is better. When 
wood forms leak through the cracks, you are losing your cement 
and you do not know how much. Another reason, which is by 
far the most important one, is that the arch built in one of these 
forms is perfectly true in all lines, symmetrical in every feature, 
and a thing of beauty that will stand in evidence, always showing 
what may be built on our public highways instead of those rough 
structures we so often see, 














THE PRESENT AND FUTURE OF THE CEMENT 
BLOCK. ITS MANUFACTURE—ITS AVAIL- 
ABILITY—ITS COST. 


By J. AuGusTINE SMITH.* 
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Cement blocks are destined to play an important part in 
all forms of construction work in the future; concrete con- 
stuction is here to stay. It has every virtue possessed by any 
other building material, and additional ones. When we look 
back and see the development of the cement block; note the 
difficulties through which it has passed; consider the mistakes 
that have been made both in its manufacture and exploitation ; 
it is a wonder it has survived, and it would not have survived, 
had it not inherently the virtues it possesses. 

I need not call your attention to the dark period of the 
past; you are all familiar with the history of this material, 
how it was first molded in sand, then in wood forms, then in 
iron forms, then came the machine for manufacturing them, 
then a period of strong effort to have them used in construc- 
tion work with indifferent success, then a period of constant 
pioneering, and finally the invention of a simpler machine for 
producing them that opened the way for a flood of entrants into 
the business. With the flood came many incompetents, and 
with the flood, also, there arose, like mushrooms in the night, 
a rush of machine manufacturers whose strongest desire was, 
in many cases, to sell machines regardless of future business. 
Designs were furnished which produced blocks of the rankest 
artificiality in rock designs, the blocks were in many cases 
untrue in measurements, deficient from a structural standpoint, 
and, because of the lack of business training or business instincts 
of many who entered the field, the blocks turned out were 
porous, imperfectly made, an eyesore and a detriment to the 
business. ' 
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It is not necessary to dwell upon the dark side of the picture 
too long, however, for there is a bright side, an encouraging side, 
a side of splendid promise in the cement block industry. In every 
great business we find a first period of enthusiastic effort, then 
the lull which comes, and then the conservative, painstaking, up- 
building era which ensues, and which means the development of 
the business on fundamentally correct lines. 

Since the unpromising beginning which I have just related, 
perhaps it is necessary to show the development of concrete blocks 
from that beginning. In the first place, many machines fell in 
the hands of incompetent people, people who had no experience 
whatever with concrete, knew nothing whatever of the selection 
of aggregates, mixing of the material, or curing of the block, and 
they, therefore, found the easiest way to turn out blocks was to 
make them dry tamped. They added too little water to secure 
proper density. The development of the manufacture of good 
concrete block in this regard has been marked and pleasing, 
until now, instead of dry tamped blocks, they are tamped wet, 
just as much water being added as will permit the block to be 
removed from the machine without sagging or sticking. I, there- 
fore, desire to say that it is essentially necessary for the proper 
manufacture of good cement blocks to select your aggregates 
with great care. You should use that proportion of sand and 
gravel which will secure the least possible voids. Then, proper 
mixing is essential. If hand mixed, the mass should be turned 
over at least three times in a dry state and at least three times 
in a wet state, after the water has been added. You will find 
also if you use an ordinary rake as a last means for mixing your 
concrete, both in a dry and in a wet state, this will help the 
mixing of the materials very much. I need not say that this 
should be done after the mass has been turned at least twice with 
a shovel. 

I want to lay particular stress upon the use of the proper 
kind of water and the necessity for measuring the amount of 
water used in making cement blocks. It is my experience in 
several cases where blocks of different colors and shades were 
produced, using identically the same material, the same cement, 
and the same water, it was found that this change of color was 
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caused by the water used. Tanks were erected for settling pur- 
poses, and then the cleared water used in the manufacture of the 
blocks, with the result that this discoloration or change of color 
disappeared entirely. 

With regard to the use of the proper amount of water, the 
question as to which is the better, the wet or the dry mixing of 
concrete, has been much discussed, and recently in Germany 
there were given out the results of extended experiments cover- 
ing some four years. From these reports the conclusion is drawn 
that the smallest amount of water which produces a mixing suit- 
able for ramming gives the strongest concrete. The results of 
these experiments confirm that which other experiments covering 
shorter periods of time indicated, and will not occasion any sur- 
prise. At the same time, the concrete worker who attempts to 
use the smallest amount of water which will produce a mixture 
suitable for ramming will find many practical difficulties. There 
is, therefore, but one thing to do, viz., measure the water as well 
as the other aggregates for each batch mixed. 

The proper curing of blocks after they are made is, of course, 
essential ; indeed, it is very essential, but it only plays its part in 
the whole process of manufacture. The possibilities of the 
cement block business have been too greatly underestimated until 
the last few years, and even now there are large fields still open. 
A few years ago concrete blocks were used for little less than 
foundations and cellars. The blocks of those days were usually 
of rock design, and, as we have pointed out, the very worst rock 
effect at that. It seems strange upon consideration of this part 
of the business that such a design was chosen for the most general 
exploitation of cement blocks which represented in the highest 
degree the artificial character of the product, and at the same 
time was the most difficult to closely imitate. There is no dressed 
stone design that varies so greatly as the rock, or quarry, faced 
stone, and there is no dressed natural stone so cheap as this 
design ; therefore, in selecting this one for exploitation of cement 
blocks, the extraordinary and peculiar fact was brought home to 
us all that it required a greater variety of face plates and required 
also greater care in manufacture and use of this design to produce 
a pleasing effect than with any other that could be secured. 
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“Every cloud has its silver lining,’ however, and I believe 
the present is showing, and the future will still more show, the 
extraordinary development of this material. Go where you like, 
east, west, north or south, everywhere, you will find evidences 
that concrete blocks have come to stay. You will find founda- 
tions, walls of houses, schools, churches, public buildings, fac- 
tories, and manufacturing plants constructed with cement 
blocks. Good concrete blocks are now being sold at a figure where 
they compete with common brick, and where pressed brick or cut 
stone was formerly used concrete blocks have now an ever-en- 
larging field. This is but as it should be, for there is no virtue 
in any other building material not possessed by cement blocks, to 
which may be added the fact that they can be produced in as 
high a grade as any other material from an architectural and 
structural point of view, at a cost lower than any other building 
material except lumber. Lumber is becoming scarcer and more 
expensive, and as a consequence people everywhere are looking 
for another building material, and right here the concrete block 
steps in and claims its own. The plastic material of which it is 
composed makes it possible to produce it in any desirable design. 
Its remarkable resistance to fire has been thoroughly attested, 
and in a few more years we will see concrete blocks used as 
commonly as brick is now, and that means that blocks will be 
used in the construction of the great majority of buildings. 

Of all forms in which concrete can be used, the cement block 
represents the most approved method. Why? Because it elimi- 
nates to the largest extent possible the human equation in making 
concrete ; because a cement block is a unit that can be inspected 
before it goes in the building, and, therefore, its stability and 
perfection can be assured; because it represents the use of a 
ventilated wall, and this fact is a distinct advantage in construc- 
tion. Furthermore, this ventilation saves material and permits 
the installation of wires and pipes within the walls of the building 
itself, and further, the block when delivered on the job is fin- 
ished in design and needs no further dressing of the exterior 
surfaces. 

Designs are now produced for cement blocks which make it 
possible to meet every demand of the architect for beauty of 
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design. One of the most promising developments in the use of 
cement blocks has been shown lately in their use in conjunction 
with reinforced concrete columns, beams and girders. Many 
buildings have lately been constructed of reinforced interior, with 
concrete blocks for the exterior walls and partitions. 


MATERIALS. 


The materials most commonly used in concrete block manu- 
facture are sand, gravel, or crushed stone, and Portland cement. 
A lengthy paper could be written on sands alone, so that I will 
touch upon this subject but very briefly. The term sand is con- 
fused by a great majority of block manufacturers. In concrete 
work sand is termed as that material which will pass a quarter- 
inch screen, and a good sand should be graded from coarse to 
fine, with the coarser grains predominating over the finer ones. 
A sand which is well graded from coarse to fine is the one which 
will make the strongest concrete, and such sand makes the 
densest concrete. The strength of concrete varies directly with 
its density. This is a well-known fact and one about which much 
has been written. 

Let me lay down this fact, however, and call your particular 
attention to it, that no concrete can be stronger than the materials 
from which it ts made. Many block manufacturers insist on 
using for facings a very fine sand in mixtures of I to 2, not 
realizing that a coarse, well graded sand will give them as strong 
a facing with a 1 to 3 mixture and a block of as good appearance 
as well. They make the excuse that they must use a fine sand in 
order to get a smooth block. When the tamping is directly 
against the face, as in most machines, the finer particles work 
themselves through the coarser one into the face, and thus the 
surface is just as smooth as though a fine sand were used. There- 
fore, just as good a surface can be obtained by using coarse, well 
graded sand, and such a surface will be far stronger and more 
waterproof. The reason for this is that in a fine sand the grains 
are nearly all uniform in size, and the percentage of voids will 
be between 40 and 50 per cent., whereas, in a well graded sand 
they may be as low as 25 per cent., consequently, when using the 
same amount of cement with both sands, the coarser sand will 
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make a denser, stronger and more waterproof concrete. Another 
reason is that, for a given volume, the fine sand will have a 
greater number of particles, and consequently there is more sur- 
face to be coated with the cemen? mortar than in the case of 
the coarser sand. This means that more cement is required. 

It is very important to mix the aggregates with a mixing 
machine of a good type. The machine by its operation must per- 
form its work correctly, and coat the aggregates properly, in the 
process of mixing. 


THe FacinG or Concrete Biock. 

The subject of facing cement blocks is one which well de- 
serves attention. Blocks are usually sold because of their good 
appearance and satisfactory qualities, and the man who faces his 
blocks with material which gives them life, is the one who gets 
the business. 

One of the serious objections to concrete blocks in the past 
is their dark gray appearance. ‘This can be overcome by using 
light colored sand, or crushed stone, and a white Portland cement, 
which will give a light gray effect. If a pure white effect is 
desired, then white cement should be used, with white sand, or 
crushed stone, mixed with a little marble dust. It is very difficult 
to obtain a coarse white sand, although I have seen a few samples 
which were quite coarse. A fine white sand used alone with 
cement will not make a thoroughly waterproof facing. In order 
to make such facing waterproof I have found it necessary to use 
a proportion of marble dust, or crushed stone, with the sand. 

Care must be taken not to use too much marble dust, for 
if too much of this is used, the facing will check and show un- 
sightly cracks. For this reason, marble dust should never be 
used alone with cement. Usually, the checks and hair cracks 
referred to, will not show until the blocks have aged several 
weeks, and even months, but eventually they are bound to come. 
The amount of marble dust to be used, should not be more than 
14 parts of marble dust to 4 parts of white sand. If the facing 
is too rich in cement, checks and hair cracks are liable to appear 
as when marble dust is alone used with cement. Very good 
results can be obtained by using limestone screenings, from 
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coarse to fine, which will pass a quarter-inch screen, but, usually, 
it is advantageous to use a little white sand with this as well, 
in order to produce a smooth, dense surface. 


PROPORTIONS OF AGGREGATES. 


This brings us up to the proportions which should be used 
to produce maximum strength in cement blocks. The specifi- 
cations of this Association require a minimum crushing strength 
of 1,000 lbs. per square inch of superficial area at the age of 28 
days. They further call for proportions of I part cement, 3 
sand, 4 gravel. Where a good coarse sand is obtainable it is 
sometimes more economical to use sand only in the proportion 
of 1 part cement to 4 parts of sand, pit run. If the sand is 
coarse, and well graded, such blocks will develop over 1,000 lbs. 
per square inch in 28 days. 

I call attention to this part of the specifications of the Asso- 
ciation because it has been found in actual practice that it is 
frequently not possible to get good gravel, while good sharp 
sand can be found in quantities. I therefore call your attention 
to the comparative cost of blocks when using proportions of 1 
part of cement to 4 parts of sand, pit run, when same is a good 
coarse grade, as against 1 part of cement, 3 parts of sand and 
4 parts of gravel, when sand and gravel have to be screened. 
The cost is then considerably higher than the ordinary sand. 
As, for instance, 100 blocks 8 x 8 x 16 ins. will require: 


When made 1 part cement and 4 parts sand: 


S.A SR: Oe WOE EE NE oc ok hc s seb 55 00k es $ 85 

2.63 bbls. of cement at $1.50.............. ee ewkted 3.05 
$4.80 

When made 1-3-4, and with a facing 1-2: 

. eo, 2 2 8 oO | See a ee rere $1.05 

i SE EE GE BE I iin waa dcacdnewnmty > baee 79 

208 Oeis.’ af Cenbenk BE GOOD. < oo 5 6 oo scacxcascckeer 3.03 
—— $487 


Therefore, you will see, in such cases as the above, where the 
price of cement, sand and gravel is considerably higher than that 
of pit run sand of a good coarse character, it is more economical 
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to use I part of cement to 4 parts of sand, as the materials in 
this will cost less, and the labor of mixing will also be less. 

It has always seemed to me that it is most important to get 
the requisite strength regardless of proportions, and if a 1-4 
sand concrete will give these results, I say, use a I-4 mixture. 
The same holds true of a 1-3-6 mixture, providing it will give 
the required strength. Proportions of 1-2-4, 1-3-4, 1-2%4-5, 
and 1-2-5, should all prove rich enough in cement to make blocks 
which will develop a crushing strength of 1,000 lbs. per square 
inch at 28 days. I, therefore, think our specifications ought 
to allow the use of any proportions that will meet the strength 
requirement. 

CURING. 

Wet tamped blocks should be sprinkled two or three times 
daily for a period of 2 to 3 weeks. They should be sprinkled 
after molding as soon as the concrete has obtained its initial 
set, which it will do in from 12 to 24 hours. 

The temperature of a curing room should range from, say, 
80 to 180 deg. F., provided the blocks are kept sufficiently wet. 
The temperature of the curing room should never be lower than 
the freezing point of water, for if carried below this point, the 
blocks will freeze, and even though they are not injured, the 
setting of the cement will be delayed; in fact the blocks will be 
no stronger at the time they thaw out than when they first froze, 
for the process of hardening stops at the time of freezing and 
does not resume until the blocks are thawed out. Many manu- 
facturers will use blocks a few days after they are made, but 
this is a great mistake, and should never be allowed, as blocks 
cured by the sprinkling method for a few days are not strong 
enough to build in structures, and it is just work of this kind 
that discredits the use of this material. Every now and then 
one can see blocks that are so crumbly that the surface can be 
cut away, and this, almost invariably, is caused by insufficient 
water in the mixing, or insufficient curing. It sometimes is 
caused by not using enough cement, but the former reasons are 
more often the case. 

Another point I wish to emphasize is the fact that no amount 
of subsequent sprinkling will make up for an inadequate amount 
of water in the mixing of the concrete, that is to say, if a man 
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uses but half as much water in his mixing as he ought for a 
good block, no amount of subsequent sprinkling will make that 
block what it should be. 


WATERPROOFING. 


This is one subject that has had the earnest attention of 
many people. Good, dense concrete, absolutely waterproof and 
impervious to moisture, can be made by the proper selection of 
aggregates, the proper mixing of the materials, the addition of 
a sufficient amount of water and a proper curing of the block. 
This is particularly true when there can be used a rich facing 
mixture, but to make assurance doubly sure, there has been 
devised, waterproofing compounds and fillers to make the blocks 
dense and impervious to moisture. 

The Government is conducting a series of experiments at 
the Testing Laboratories at St. Louis, which will be reported to 
the Association shortly, and the results will clearly demonstrate 
the effectiveness of such methods. 


Cost or BLocks. 


I now come to the subject of cost of cement blocks, and 
have prepared data, showing the comparative costs of cement 
blocks and common brick laid in the wall. In drawing up this 
table of costs, however, I have used faced blocks entirely through- 
out my computation, and have compared faced blocks with 
common brick in the figures given. 

I have also prepared a comparative statement of faced 
cement blocks and facing brick in conjunction with ordinary 
brick laid in the wall, as well as a comparative cost of cement 
blocks and monolithic construction. In getting up this data I 
have had an eye to the absolute conservatism that should sur- 
round such a table in figuring costs, and I think you will find 
that this subject treats in a conservative way. If I have erred 
at all, it has been in placing the cost of blocks too high, and 
the cost of brick too low, but I have done this with the idea, of 
being ultra conservative so far as blocks are concerned. Fur- 
thermore, I have made a distinction in this cost data, as between 
the small-sized plant, operating with two or three men, mixing 
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by hand, and buying materials in small quantities ; and, the thor- 
oughly and perfectly equipped plant where the materials are 
elevated, pneumatic or power tamping used, materials bought 
in quantity, cars and tracks used for the transportation of the 
block, and a greater number of blocks turned out per day. A 
well thought out, complete plant, properly equipped, will, of 
course, reduce the cost of the stone turned out materially. 


Proportions of 1-3-4. 


Facing % in. thick of 1 part cement to 2 parts sand. 


100—8x8x16 in. blocks require: 


1.05 yds. gravel ..............at 
79 yds. sand 
2.02 bbls. cement 
Labor 


100—8x 10x16 in. blocks require: 


go Ne”. Ge eres 

arene re " 

Be | Bae re 
Labor 


100—8x12x16 in. blocks require: 


re 
1.27 yds. sand Race ag Mi ar 
08 this, cement ......:..... " 

Labor ‘3 


100—8x8x24 in. blocks require: 


no oes cus ctces at 
SE CSE Svat coe sv eet s 
Se pees CMe es ee eek “ 

BOE Li aS pide ba et es : 


100—8x10x24 in. blocks require: 


2.02 yds. gravel .............. at 
Oe A a ae is 
380 bbls. cement ............ . 

POE bic ka ten ddasce<ss i: 


BI tes web 2 


02% per blk........ 


Mal oc hccek se weats 


se sus 


$1.00 . 


=— 


50. 


03% per bik........ 


OO Sere 


— 


Pee re 


— 


| eee 


04% per blk........ 


.03 per blk. ..... 


.04 per blk. ..... 


. $1.68 


1.27 
4.62 


3-25 


$9.40 


$10.82 


$11.53 


$13.50 
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100—8x12x24 in. blocks require: 


ee ee £ )  R SR ee 
1B 9 ee) A eee 
4460 Dols. cement «.. 2.4. %0<s. Fl G66 i aw A ee 

FO Sete Rees eee ere vs 04% per blk........ 4.50 


1333 brick laid in wall at $14.00 per M. cost ................. $18.67 
100—8x8x16 in. faced blocks cost.................$7.63 
These sell at 4 cts. profit per block, cost,......... $11.63 
Re be ORE, OOD R So 6 5c nas diss Swen 6S eee Cae 3.00 
14.03 
Saving on every 100 blocks ..............00%. $4.04 


100—8x12x16 in. blocks will displace from 2,000 to 2,133 brick. 


2000 brick laid in wall at $14.00 per M. costs.......... $28.00 
100—8x12x16 in. faced blocks cost..............$10.82 
Allowing 4 cents profit per $14.82 
 MUMME Ns , iie sce k crake o's $0 es & ae hee ee 4.00 
18.82 
Saving on every 100 Becks 6666. 60...06.35.55% $0.18 


100—8x8x24 in. blocks will displace from 2,000 to 2,133 brick. 


2000 brick laid in wall at $14.00 per M............... $28.00 
SBO—-GRONAA Bi. DIOEKS COST. 6 nc ono ccc cecccescces $11.53 
Allowing 5 cents profit per block, cost,........... $16.53 
ee a EE ee ye ee eae re 5.00 
21.53 
Saving on every 100 blocks ..............-.. $6.47 


100—8x 12x24 in. blocks will displace from 3,000 to 3,200 brick. 


3000 brick laid in wall at $14.00 per M. cost........... $42.00 
100—8x12x24 in. blocks cost......csiescsedececes $15.50 
Allowing 6 cents profit per block cost............. $21.50 
Eoyitin- Ot COURS Per WOE < « .ocs sion vekeasicives 7.00 
——. 28.50 


Saving on every 100 blocks ...............--- $13.50 
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A high grade of facing brick, costing $21.00 per thousand, 
will cost, laid in the wall, $48.00 per thousand. We have assumed 
common brick at $14.00 per thousand. 

An 8 in. brick wall faced with pressed brick as per the above, 
and equivalent to 100—8x8x16 in. blocks, will require: 

667 Pressed brick at $48.00 per M......................$32.00 


667 Common brick at $14.00 per M..................... 9.33 
—— $41.33 
100—8x8x16 in. faced blocks laid in the wall costs............ 12.93 
Saving on every 100 blocks .................. $28.40 


A 12 in. brick wall, faced as above, and equivalent to 100 
blocks 8x12x16 in. will require: 


667 Pressed brick at $48.00 per M......................$32.00 
1333 Common brick at $14.00 per M.................... 18.66 
—— $50.66 
100—8x12x16 in. blocks laid in the wall costs................ 16.55 
paving On every 300 blocks .........c0cccases $34.21 


The above figures allow 4 cents profit per block to the manu- 
facturer. In a case like this the manufacturer would figure on 
a higher profit, as he is always sure of getting the job when 
competing with pressed brick. 

An 8 in. brick wall, faced with pressed brick and equivalent 
to 100—8x8x24 in. blocks, will require: 


tooo Pressed brick at $48.00 per M...........cccccseces $48.00 
1000 Common brick at $14.00 per M..............2.0000: 14.00 
—-~- $62.00 
100—8x8xz24 in. blocks laid in the wall cost.................. 19.00 
Saving on every 100 blocks .................. $43.00 


These figures allow the manufacturer 5 cents profit per 
block. 

A 12 in. brick wall, faced with pressed brick, and equiva- 
lent to 100—8x12x24 in. blocks, will require: 


1000 Pressed brick at $48.00 per M...........--0-000005: $48.00 
2000 Common brick at $14.00 per M...............++.-- 28.00 

—— $76.00 
100—8x12x24 in. blocks laid in the wall cost..............+. 27.65 


Saving on every 100 blocks ..............--.. $48.35 
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The above figures allow 7 cents per block profit to the manu- 
facturer. 

As stated above, when competing with pressed brick and cut 
stone, the manufacturer will usually charge a higher price for 
his blocks, as he will have a greater leeway. 

The above computation on brick is figured upon the least 
displacement of 100 blocks in the wall: 1333 brick is figured on 
a basis of 22% brick to the square foot of 12 in. wall, three 
brick thick, or, 15 brick per square foot of 8 in. wall. The same 
is true in every other computation, as I have taken the least dis- 
placement possible on which to base my figures so that the 
results cannot be questioned from a standpoint of favoritism to 
cement blocks. Furthermore, all the above is based on costs 
shown in small-sized plants, operating with two to three men, 
mixing by hand, and buying materials in small quantities. 

The labor costs include all fractional and window jamb 
blocks. Furthermore, the costs shown are on faced cement blocks 
against common blocks. Where pneumatic, or power tamping, 
is used, materials are bought in quantity and a greater number 
of blocks turned out, the cost can be cut down considerably, 
and will more nearly approach the following: 


100—8x8x16 in. blocks will require: 


OE OR ERNE oon: nde sxe a en ave e koa $ 84 
i Ee ME of bacdvducastausos * PRS I Re 63 
Se DE, GRU wk. 5 2k bid ewes ae Leet eerrseeer gs. 

RM iss sSiia 408 0 cde he De vceminke Seep eeeess swat 1.83 


—- $5.93 


This assumes a reduction in labor of 33 1/3 per cent. Fig- 
uring on the above basis the other sizes will cost as follows: 


100—8x10x16 in. faced blocks will cost..............0cccccees $ 7.46 
100—8x12x16 in. “ . = Be cue AREER Wasa knee eee 8.55 
100—8x8x24 in. “ sy = yeh aha ee hee enka eee 9.00 


100—8x 10x24 in. 
100—8x1I2x24 in. ‘ Tas dita lao eek ha ar ote ee 12.21 
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100—8x8x16 in. blocks, with 4 cts. profit per block, can 
TR Dee wea tt aan bob c-ce ce bet k's ot ES 0 0% $9.93 

“grape Ecc NE ae gl Py 3.00 

, $12.93 

Equivalent brick (1333) laid in wall at $14.00 per M........ 18.60 


Saving on every 100 blocks $5.67 
100—8x12x16 in. blocks, with 4 cts. profit cost......... $12.55 
RE DR ie ie Se as ae fstcas 2 

- $7160.55 
Equivalent brick (2000) laid in wall at $14.00 per M........ 28.00 
saving on every 100 blocks .................. $11.45 


100—8x8x24 in. blocks, with 5 cts. profit per block cost. . $1 }.00 


EEE eS 
$19.00 
Equivalent brick (2000) laid in wall at $14.00 per M.......... 28.00 
Saving on every 100 blocks .................. $9.00 


100—8x 12x24 in. blocks, with 7 cts. profit per block costs $20.65 


te COL on kcewes cebesckBhens sees ves 7.00 
$27.65 
Equivalent brick (3000) laid in wall at $14.00 per M........ 42.00 
waveur Ob Overy foo Blocks ...........:..3i3. $4.38 


An 8 in. monolithic wall, 1-3-5, figured on a basis of 
$1.00 per cu. yd. for gravel and sand, and $1.50 per barrel of 
cement, will cost about $7.12 per cu. yd. under very fair condi- 


tions. 
100O—8x8x16 in. faced blocks cost.............eceeeeee 15-93 
i alias SWEDES eds Laide Zéebucias cee 3.00 
$8.93 
UN Ns ks dw ewido aieegd aes eee ee 4.09 


Saving per cu. yd. in favor of blocks ......... 2.03 
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A 10 in. monolithic wall will cost $6.52 per cu. yd. 


100—8x10x16 in. faced blocks cost.............eeeeeee $7.46 
CON kids. en 0 onc ibis edb iS se chs Wakil meeek 3.50 
—— $10.96 
NE SE A Rh ca <tc et hvac cadcaconccavbcatvuaeeeeuseson 3.99 
Saving per cu. yd. in favor of blocks ......... 2.53 
A monolithic 12 in. wall will cost $5.02 per cu. yd. 
100—8x 12x16 in. faced blocks cost................000+. $8.55 
Se UIE Vi ons 5 oh vk de Ree Raed oe Sad ale ake bee 4. 
———— $12.55 
Le WO Uh: WE GE Wks oo 6 schon cede oct sane aaee Can ehe 3.82 
Saving per cu. yd. in favor of blocks ......... 1.20 
100—8x8x24 in. faced blocks cost .................... $9.00 
EE UNI or, c's» wien Cant aevcltges seein Maks Siena 5.00 
—— $14.00 
ee ee ee ee cere ere oe ee 4.27 
Saving per cu. yd. in favor of blocks ......... 2.85 
100—8x 10x24 in. faced blocks cost.................... $10.63 
RN NRE 5s. hd ss NES 8k kee eS ES Sea 
- $16.63 
Uk: A I 4.05 
Saving per cu. yd. in favor of blocks ......... 2.47 
TOO—8x12x24 in. faced blocks cost ...........0e00004+ HIZ2I 
ee ee ere a i ee ee oe 7.00 
—— $19.21 
Cost per.on, wh. OF pel 6 vic cccsjen esti whteAsycatestosscneten 3.80 
Saving per cu. yd. in favor of blocks ......... 1.13 


I desire to call your attention to the fact that the above 
figures are based, in the one case, on cement blocks in a finished 
wall, while in the case of the monolithic wall, the superficial 
surfaces still have to be taken care of, which adds to the cost, 
and which is not included in the above figures. These figures, 
therefore, show how much cheaper concrete block walls are 
than the solid monolithic walls, and the above figures are on 
the plainest kind of monolithic work, and do not take into 
account any reinforcing. 
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Cost oF WHITE FAcING For CEMENT BLOCKS, 

The cost of white cement for white facing, is nearly 2% 
cts. per block, 8x8x16 in., and should be figured at 3 3/8 cts. 
per block, 8x8x24 in., on the basis of $5.00 per barrel for white 
cement. 

White sand will cost about 1 ct. for the 16 in. blocks and 
1% cts. for the 24 in. blocks. This is figured on a facing of 
I cement to 2 sand, facing to be /% in. thick. 

The submission of the figures I have quoted above, and 
the showing in reduced costs of the complete, thoroughly 
equipped plant, brings up the question of the proper equipment, 
of a complete and up-to-date plant, and the profit to be made 
by conducting such an establishment. My experience has 
proven that this business, properly conducted, with a plant 
properly equipped, is a very profitable one indeed. As a matter 
of fact, I know of no business to-day in which a man can engage 
with such assurance of success, and with so small an investment 
to begin with, as in the cement block business. 

I desire to call your attention, however, to the fact that it is 
just as necessary to exercise good judgment and common sense 
in the conduct of this business, as it is in any other. As a 
matter of fact, the great lack of ordinary business judgment, 
and ordinary business method, has been one of the great causes 
in the past for many of the failures which have taken place. 

A good, complete plant should be well laid out, with suffi- 
cient buildings, and sufficient yard room in which to conduct 
the business satisfactorily and enconomically. Elevators should 
be used to elevate the materials above the mixing machine; 
mixers are essentially necessary; power tampers should be 
installed, and I believe, the future will demonstrate that cement 
blocks should be cured by high pressure steam. I believe the 
tests which were carried on at St. Louis,* and which have been 
conducted for some time past, have conclusively proven that 
there is a method of steam curing, under pressure, that is safe 
and sound, and that this method produces results that are really 
astonishing. 


*Structural Materials Testing Laboratories, U. S. Geological Survey 
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In conclusion, let me say, that the future for cement blocks 
is most promising. Indeed, the use to which this material will 
be put will be of the widest character, and it is difficult to exag- 
gerate the importance of cement blocks in future construction 
work. Their manufacture is a business in which great profit 
can be made; it is a business which is worthy of the highest 
craft and care, and if you will perform your share in turning 
out blocks of acceptable design to the architect, blocks of good 
appearance, well cured, and which will be impervious to moist- 
ure, you will one day reap the harvest you have worthily pre- 
pared. 











VALUE AND COST OF STEAM CURING OF CEMENT 
HOLLOW BLOCKS. 


F. S. Puipps.* 


OPS en, 





A great advance in the use and reliability of concrete building 
blocks has been made possible through the steam curing of such 
blocks. The object of this paper is to give an insight to the 
methods and system used by the Central Stone Company. It is 
to be understood, however, that nothing said is to be inferred as 
advancing any claims as to the superiority of the product. 


I. ADVANTAGES OF STEAM-CURED BLOCKS. 


A block cured with steam vapor is harder and stronger at 
the expiration of 24 to 30 hours than a block cured by the old way 
of sprinkling or spraying at the end of 7 to 1o days. The 
method of manufacture is as follows: The blocks are made in 
ordinary machines and transferred into the ovens where there 
is no sun or current of air to cause them to dry before they start 
to set. As soon as an oven is filled it is closed and within one 
to two hours the steam is turned on and it immediately condenses 
upon the block the same as dew on grass, and in less time than it 
is possible to spray a block, it is filled with moisture. In this 
way a block can be given so much moisture that it will become 
mushy and mash before the cement sets. This fully refutes the 
argument that steam curing dries the blocks before they have the 
proper amount of water. 

If a block produced in 24 hours is equally as good or better 
than a block made in 7 days under the sprinkling system, is this 
point not worth considering in installing a steam-curing plant? 
Further, blocks can be delivered upon a contract within 48 hours 
after starting the plant, doing away with the one great objection 
the buyer has against concrete blocks—that of being compelled to 





* Manager, Central Stone Company, St. Joseph, Mo, 
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wait several days for them after placing the order. A denser 
block can be produced as the steam does not wash any of the 
cement from the block, as is the case with the sprinkling system. 
Also the color of the blocks is more uniform, regardless of the 
cement used. I have made blocks using dark, as well as light 


cement, and find them to be almost the same color ; the steam gives 
them a lighter color than it had been possible to obtain before. 
With steam curing blocks can be made all winter, which gives 
the same opportunity to build with blocks as with brick. Again, 











FIG. I.—INTERIOR OF SAND SHED. 


in the case of rush orders, delivery can be made in 36 hours, or 
just as quick as stone can be obtained. It has been my experi- 
ence that by steam curing, a better block is produced, both in 
color and strength, and a block that is much more salable than 
the old water-cured block. 


II. Cost or MANUFACTURE OF CURED BLOCKS. 


We are using Kaw River sand, which is sharp and clean 
and costs delivered, including shrinkage and waste, $1.10 per 
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yard. The price of cement at the present time is $1.25 per barrel. 
Our proportions range from 1-3 to 1-5 and our cost for 1-5 propor- 
tion is 3 cts. per ft. and for 1-3 is 5 cts. per ft. With one man to 
take care of the boiler, ovens, engine and the mixing of the mate- 
rials, at $2.00 per day and two men to run the machines at $1.75 
per day, we turn out 560 ft. of rock. Allowing 50 cts. for coal 
per day and $1.00 for office help, our blocks cost us for labor, 
very close to 144 cts. per ft. with the 3 cts. added for material in 
the 1-5 blocks, the cost will be 41% cts. per ft. and of the 1-3 





FIG. 2.—REAR PORTION OF PLANT, SHOWING LOCATION OF OVENS AND 
MACHINERY. 


block, 6% cts. per ft. These figures do not allow for insurance, 
wear and tear on machinery or the manager’s salary. If three 
men were used on the machines, instead of two, the cost would 
be no greater for mixing or curing than it is for two men. As 
near as we have been able to ascertain, 1,000 to 2, 000 lbs. of coai 
will cure three ovens of blocks, each oven containing from 140 to 
160 blocks. Our men on machines are able to turn out 140 blocks, 
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32 ins. long by 9 ins. high, giving 2 sq. ft. to the block. The 
blocks we make for building purposes are 4-in. and L-shaped, 
ranging from 4 to 32 ins. To build a wall from 8 to 12 ins. thick, 
we use two 4-in. blocks, so the same must be figured on a 1-3 
proportion for outside wall, at a cost of 6% cts. per ft. and 1-5 
proportion for inside wall, at a cost of 4% cts. per ft., making a 
total cost of a 12-in. wall, 10% cts. per ft. The hollow block we 


make is somewhat cheaper, as it is only 9 ins. high and 8 ins. 





FIG. 3.—BLOCK MACHINES. MATERIAL IS DELIVERED FROM MIXERS TO TABLE 
IN FRONT OF OPERATORS. 


wide. We make all sizes, but this is the most used. It costs 
about one-third less for material and about the same for labor. 


Ill. Pant. 

The cost of a plant will depend on the size and equipment 
desired. We have a 25 horse-power boiler, which cost, with all 
piping and fitting, $225.00, and makes steam for 6 to 9 ovens. 
The ovens cost about $50.00 each. Almost any old boiler will 
answer, and the oven can be made of sheet iron (although I 
would not recommend this class of oven). 
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Our plant is 75 by 170 ft., with an office of 16 by 24 ft., 
divided into two rooms. At the rear of the plant, we have an 
addition of 20 by 85 ft. with a track running the full length of 
our yards and by means of switches and spurs we unload our 
material through the roof of our sheds and convey our blocks to 
the sheds for storage. We carry in front of our factory, that is 
seen by people passing on the street cars, a display of our special 
work, 


Fig. 1 shows interior of the sand shed containing conveying 
and mixing machinery. 





FIG. 4.—STEAM-CURED BLOCKS COMING OUT OF OVENS. 


Fig. 2 is an interior view of the rear portion of the plant, 
giving you some idea of the arrangement of the ovens and 
machinery. 

Material on table delivered from mixer, ready to be tamped 
in machines, is shown in Fig. 3. We manufacture all our sills, 
steps and special work in the front portion of our building. 

Fig. 4 shows a lot of blocks coming out of the ovens, where 
they have been steam cured. 





PROGRESS IN THE USE OF METAL FORMS WITH 
COMPARATIVE COSTS. 


By W. L. CALDWELL.* 
reas 

Owing to the falling off in building operations during the 
past year, there has not been as much interest shown in the 
development of the metal forms as otherwise would have been, 
consequently there has not been the opportunity to develop this 
method to the extent anticipated. However, we have given the 
subject considerable thought and believe have materially improved 
on the suggestions submitted a year ago at the Convention in 
Buffalo.+ At that time our company was handicapped in pro- 
ducing centering as effective as they desired, for the reason that 
they could not roll sheets below 16 gauge in 10-foot lengths, but 
at the present time are completing an extension to the rolling- 
mill when sheets down to 8 gauge can be rolled, which will give 
a range of gauges that will make it possible to produce a class 
of centering strong enough and efficient for any conditions which 
may be encountered in the construction of all classes of buildings. 

It is essential that certain reinforcing members be heavy 
enough to, in turn, support and reinforce lighter members, so 
that the best results will be obtained. We, however, still hold 
to our statement of a year ago that, “It is better to have the cen- 
tering material sufficiently flexible so that it can be easily straight- 
ened out after it has become deformed or dented and that will 
permit of the steel being sprung away from the concrete.” 

We have especially changed our ideas regarding the center- 
ing of columns so as to obtain a more universal system or appli- 
cation, in other words, so that the metal used can be adapted 
and adjusted to a greater number of variations. To this end 
we have adopted the use of corner angles for column center- 
ing, the width of the legs of the angles being one-fourth of 





* Manager, Fireproofing Department, Berger Manufacturing Company, Canton, Ohio. 


t See Proceedings, Volume IV, pp. 286-302. 
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the width of the column. Using angles of this dimension leaves 
an open space between the legs of the angles down the side 
of the column equal to one-half the width of the column through 
which the girder and connecting beam may be connected with 
the column. The angles are held in position by cross-cleats. 
The rectangular space formed by the four angles is lined with 
either sixteen or twelve gauge sheet metal, black or galvan- 
ized as may be desired; the length of sheets may be 3 or 4 
feet if desired allowing the concrete to be filled in more easily, 
at the same time forming a smooth, even mold for the con- 
crete. These sheets will be forced out to place against the 
inner surface of the legs of the four angles by the weight of 
the concrete; the stiffness of this material being amply suffi- 
cient to span the one-half width of the column between the angles 
without bulging. 

If the four corners of the column are desired rounded or 
chamfered, it is an easy matter to throw in a quarter round or 
flat strip of metal as a fillet in each corner inside of the lining 
of the rectangle, which will produce the desired rounded or 
chamfered corners. 

The corner angles are so designed that they can be run 
continuously from story to story, not having to stop at an exact 
point for story height, neither is it necessary for all of the corner 
angles to be of the same length. This is a very important factor 
as it does away with considerable cutting and fitting and waste 
of m: rial, thereby reducing the cost of the centering very 
materially. 

Provision has been made at the point where the floor slab 
unites with the girder and lateral beam at the column for insert- 
ing a thin temporary metal form to prevent the concrete from 
coming up to, or interfering with the angle, leaving an opening 
through which the angle can be drawn up to the story above or 
down and out to the floor below as may be expedient. After the 
angles and column casing or centering have been removed, the 
hole left through the floor slab should be filled in with concrete 
to bring the floor slab in contact, at this point, with the column 
proper. 

We have made compression tests on soft concrete in different 
size square columns up to 6,500 pounds pressure per square 
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foot. The heaviest gauge metal used in these tests was number 
sixteen. While the bulging increased with the size of the column, 
still, in no instance, was the set of the metal permanent, in each 
case it went back to its normal position after the concrete had 
been removed. These tests were made on plain sheet centering 
made in halves and not reinforced with angles. Since intro- 
ducing the corner angles made of ten gauge metal this tendency 
to bulge has been eliminated, at least to a degree where no bad 
results are obtained. One set of column centering will allow for 
4-inch variation in increased size of column without extra cost 
or additional material. 

The girder boxes for molding the girders, which in turn 
carry the lateral beams, are formed after similar design as 
shown in our last year’s model, excepting that we should use 
slightly heavier material, say 16 or 14 gauge, as conditions may 
require. 

We believe that it is not feasible, in the construction of 
reinforced concrete buildings, to attempt to make the surfaces 
of the columns, beams, girders and intermediate floor area suffi- 
ciently smooth to compete with the plastered surface. We be- 
lieve the best results are to be obtained by not attempting to 
have the surfaces sufficiently smooth for a finish but only uni- 
formly true, and if the building demands a surface equal to 
plaster, the cheaper and better method is to float on a thin coat 
after the centering has been removed, covering up all marks, 
off-sets and unevenness caused by the centering. 

It is almost impossible to devise a system of centering of 
sheet metal which can be put up and taken down readily and at 
the same time be economical, and not show off-sets or marks 
in the molded concrete equal to the thickness of the metal used, 
ordinarily one-sixteenth or one-twelfth of an inch. The balance 
of the surface would naturally be smooth and even and if the 
building were to be used for warehouse or factory purposes, it 
might be that marks of this character would not be objectionable 
if pointed up somewhat, thereby quite a saving could be effected 
in the cost throughout. 

We do not rely on the girder boxes and lateral beam boxes 
being strong enough or stiff enough to support the soft concrete, 
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but they are arranged in such a manner that the adjustable splice 
for giving variation to the spacing of columns, can be supported 
with adjustable metal posts which need not be distributed when 
the balance of the centering is removed. These posts can be 
adjusted to any story height and used over and over indefinitely. 
We have made compression tests on these posts so that we know 
exactly what they will carry without failure. 

Owing to the fact that the author is connected with the 
Serger Manufacturing Company, who do all classes of sheet 
metal work, it may be generally supposed they have a system 
of their own which they are endeavoring to put upon the market, 
but this is not the case. We have no such system, but are making 
a study of the subject so that we will be in position to co-operate 
with the different architects and contractors who wish to adopt 
metal centering in place of wood and in this way build up a 
trade for this product just as the lumbermen have to-day. We 
wish that all architects and contractors who have given this 
subject some thought and consideration, would co-operate with 
us in trying to devise some better and more effective method 
than has been used up to the present time. We stand ready, at 
all times, to give them the benefit of our experience and knowl- 
edge on this subject from a manufacturer’s standpoint, and if 
any contractors wish to submit designs of their own for metal 
centering of this character, we will be pleased to furnish them 
with estimates of costs, providing their designs call for sheet 
steel instead of rolled members. 

No doubt a great many of you will be interested in knowing 
just what this class of metal centering will cost and to get at it 
in the simplest way, let us take it per lineal foot of column, 
girder, and lateral beam and square foot of floor area. We have 
gone into this matter quite extensively, from time to time, and 
believe that the average results are about as follows: 

Consider a 16-in. square column for a basis of calculation 
with a girder beam € ins. wide and 18 ins. deep below floor slab, 
with the lateral beams 6 ins. wide and 12 ins. deep, and floor slab 
4 ins. thick. 

For a structure of this character, we would recommend the 
use of 10-gauge material for the angles at the four corners of 
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the columns, 14-gauge for the lining of the columns, 14-gauge 
for the girder boxes, 16 gauge for the lateral beam boxes and 
18-gauge material for the channel boards forming the inter- 
column area for carrying the floor slab, with all necessary rein- 
forcing angles, bolts, etc., to set up the work complete ready for 
receiving the concrete. 

Column centering, per lineal foot. . 

Girder centering, per lineal foot ..... Cea gi nen 1.00 


Lateral beam centering, per lineal foot............ .50 
Floor area, per square foot .......... phous eiinan .134 
Adjustable girder and beam box posts, per linear foot —.05 


Throwing the cost of all of these items against the floor 
areas, the average is about 45 cts. per sq. ft. This price is 
arrived at by taking a building 50x100 ft., with 28 columns and 
18 bays or intermediate column spaces, each space or bay con- 
taining 237 sq. ft., in round numbers, each bay divided by 2 
intermediate cross beams, or 3 spans to each bay. These figures 
will vary somewhat with the different types of buildings but will 
give you a fair idea of the average cost. 

Under ordinary conditions, 4 men should set up or put to 
place 1,000 sq. ft. of this type of centering in 8 hours including 
6 columns, 5 girder boxes, 14 lateral beams and 4 bays of floor 
channel boards. In other words, they will center one whole floor 
of a building 50x100 ft. in five or six days, at a cost of approxi- 
mately 134 cts. per sq. ft. for labor. 

There has been more or less discussion about the best means 
for keeping the forms from rusting and concrete adhering to 
them. As far as the rusting is concerned, this can easily be 
prevented by merely giving the forms a coat of linseed oil and 
repeat the dose at intervals, and the most effective way to keep 
the concrete from sticking is by the use of a coat of thin soap- 
paste put on with a large brush before using, this will prevent 
the concrete from adhering and at the same time does not 
injure the concrete. However, the forms should always be 
brushed clean and oiled after being struck. 

It is my opinion that most of the talk against the adoption 
of metal forms is caused by prejudice and from ignorance of the 
many good qualities steel possesses as a centering material. If 
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a contractor were to encounter one-half the obstacles in the use 
of metal centering as in wood, I would not ask him to consider 
its adoption for a minute, but the trouble is that contractors 
who do this class of work are not accustomed to working in 
iron but are accustomed to working lumber, therefore, are pre- 
judiced in its favor even though it does not give as good 
results. If architects and contractors will stand for just one- 
half as much bother, loss of time, money and patience, in trying 
to utilize steel for centers as they have and are expending to-day 
on lumber, they would soon see startling results. Most of you 
think it will take much longer to cut and fit steel centering as 
against wood, this is not the case, if you will employ sheet metal 
workers to oversee the placing of your forms and not try to do 
it with carpenters or masons who know nothing whatever about 
this class of work, the results would be entirely different. We 
have men who will erect a house complete of metal lumber just 
as quickly as carpenters will erect it of wood and the metal will 
be cut to fit on the job from stock lengths at that. 

With the same number of men, a building can be centered 
with steel forms in one-half the time it takes to do it with lumber, 
and the job will be more satisfactory and the forms will be in 
good shape when struck, and can be used over and over, thereby 
paying for themselves time and time again as compared with 
wood, 

Think of the great number of bad qualities and defects lum- 
ber is heir to. We will enumerate a few of them. It is ex- 
pensive compared with its life, great waste in cutting to fit 
and refitting ; it must be nailed more or less, which ruins it for 
future use; it absorbs moisture and warps which prevents its 
further use; it cracks, checks, and rots, swells and shrinks; it is 
not uniform in strength on account of knots, dry rot and 
shakes; it stains concrete more of less and leaves the marks of 
the grain on the surface of the concrete. It is heavy to handle, 
especially after becoming wet, and after once used can not be 
recut and adjusted without great trouble and expense; it has 
no value as scrap but an expense and makes two or three times 
as much bulk in a building as metal centering; it has not the 
strength per weight and cannot be handled one-half as readily; 
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it is combustible and increases the risk on the structure; is 
unsatisfactory, unreliable, and insufficient. 

For an excuse many say: “Well, lumber is the best material 
we have found,” when all of the time they are not hunting in 
any other direction. If you are tired of the game you find in 
the wood, do not hunt in the wood any longer but seek the plain 
or the river, you may come upon pleasant surprises and be well 
repaid for your adventure. Turn from that which is not sat- 
isfactory, fling away your prejudice and try something else, 
and for a starter let it be sheet steel. 

Now what are some of the good points steel possesses, over 
lumber? First, it is not as expensive, taking its life into con- 
sideration, can be had in desired lengths and sizes ready for use; 
it is fastened by bolts which can be removed withouti injury 
to the centering and is ready for future use; it does not absorb 
moisture and therefore does not warp, does not crack, check or 
rot, neither does it swell nor shrink; it is uniform in strength 
and reliability, does not stain concrete, is light to handle and can 
be readjusted to meet varying conditions without waste of time 
and material. It is not combustible and thereby reduces the fire 
risk to a minimum, and when scrapped has one-fourth its original 
value. It is reliable, sufficient, and satisfactory. 

To tell you the truth and give you a friendly tip, the lumber 
dealer is in a transitory stage to-day, and in the near future you 
will know him no more, forever, he will be selling steel products, 
cements, etc., as many of them are beginning to do to-day. You 
will be driven to use steel, why not commence now? 

In this connection it might be apropos for me to say that at 
the present time there is being produced what is called metal 
lumber, which is made from sheet steel. The steel is formed up 
into different building members which are commonly used to-day 
in the construction of all classes of light structures, such as 
joists, studs, rafters, roofing, siding, floor material, lath, door and 
window frames, sash, and, in fact, we build a house complete 
without the use of wood except when desired. These structures 
are encased in cement stucco and plastered on the inside with hard 
plaster. When completed they are absolutely non-combustible 
and sound-proof and at a cost very little above the cost of a 
wooden structure. 

23 
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At the present time it is not desired to build structures com- 
plete but to furnish the steel joists, studs, rafters, lath, etc., for 
the interior of cement block or brick houses. In this way we 
can work hand in hand with the cement and concrete people in 
producing buildings that are absolutely non-combustible and sani- 
tary, warm in winter and cool in summer, and in this manner 
produce a fireproof building at slightly advanced cost over wood 
interiors. 

This all goes to show that concrete and steel are soon to 
become the future building materials, especially for buildings 
which are constructed of wood to-day, 
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DISCUSSION 


Mr. Emite G. Perrot.—I have been making some experi- Mr. Perrot. 


ments in Philadelphia. I built a garage with metal centers, and 
found that the difficulty at present is getting something which 
will be sufficiently adjustable to meet all conditions. My opinion 
is that the proper line to work along would be towards the adop- 
tion of some universal method of construction so that a few 
simple units of metal forms would enable one to meet every 
problem. I think these things will be worked out, and the metal 
center has an undoubted future. It will not be long until we are 
forced to use it. I think it is only ignorance that prevents our 
using it, as we have already demonstrated its practicability. 


Mr. James R. Gtoyp.—I have made a few forms in a small Mr. Gloyd, 


way, using metal centers. I tried to eliminate lapping, using a 
light gauge of plate, but found it almost impossible to avoid it, 
owing to the fact that as soon as I tried to countersink the rivets 
or bolt heads, they pulled right through and did not hold. The 
only way I know to overcome this is to turn the edges of your 
plates, and this will give you a fin or joint mark which has to be 
removed from the concrete. 
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COST AND VALUE OF CONCRETE PAVEMENTS. 
By J. H. Cuuss.* 


Concrete, one of the oldest and most valuable of the mate- 
rials of construction, has been used for years as the base or 
foundation for pavements having some form of brick, block or 
asphalt wearing surface, but it was not until in comparatively 
recent years, or until practically everything else had been tried, 
that this material was used throughout in the construction of 
street pavements. Just why engineers and those dealing with 
the perplexing paving problems have been so slow in recognizing 
the value of this material for wearing surfaces is not known, 
but the fact remains that, in this country at least, it was not 
until 1893 that a pavement with a concrete wearing surface—a 
true concrete pavement—was constructed. 

In an effort to obtain a reliable data on the cost and value 
of concrete pavements, information pertaining to the work as 
constructed in this country and in Canada has been collated. 
This type of pavement is just emerging from the experimental 
stage, and it is quite natural that there should have been a 
great variation in the method of construction, which has mate- 
rially affected the value of these pavements. The experience of 
others and what has actually been accomplished in the way of 
construction serves as a guide or basis for estimating the cost 
of any new form of construction, but to simply state that such 
a pavement cost so much and was or was not satisfactory, without 
knowing of what and how it was constructed, would be of but 
little value; so in dealing with this subject it will be necessary 
to give some consideration to methods of construction. 

About twenty years ago, wide concrete gutters were laid 
on the main street of Bellefontaine, Ohio. These gutters really 
served as a pavement next to the curb, and after several years 
of exceptionally hard usage showed so little wear and gave such 
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splendid satisfaction that the city engineer decided to try this 
form of construction for street pavements. 

The Bellefontaine pavements were probably the first to be 
laid in this country, and a short description of the method of 
construction, and a word concerning the present condition of the 
work, will be of interest. The streets selected for this exper- 
imental pavement were those surrounding the court house block, 
two of which are quite narrow and two full width streets. The 
two narrow streets were paved during the summer of 1893 and 
the remaining two in October and November, 1894. 

The pavement proper consists of a 4-inch Portland cement 
concrete base and a 2-inch wearing surface, the base being a 
1:4 machine mixed gravel concrete and the top a 1:1 mixture 
of cement and screened bank sand. The materials were mixed 
in a screw or worm mixer 14 ft. long, on each side of which 
was a long rectangular box for measuring the aggregates. The 
sand or gravel, as the case may be, was placed in the bottom 
of the box, the proper amount of cement spread evenly over the 
aggregate and the mass shoveled from the box into the mixer. 
The concrete for the base and wearing surface was mixed 
quite dry and well tamped into place, the men laying the top 
following closely behind those laying the base. Starting at one 
curb the concrete was laid in strips 5 ft. wide, extending the 
full length of the area paved, these strips being cut into blocks 
5 ft. square; that is, the pavement was really constructed in 
blocks and has wide, well-defined joints 5 ft. apart running at 
right angles and parallel to the axis of the street. No expansion 
joints were used. After thoroughly tamping the top, it was 
sprinkled with water and given a smooth sidewalk finish with a 
steel trowel. To afford a footing for horses the surface, on the 
two narrow streets, was marked into blocks 4 in. square by 
V-shaped grooves about half an inch wide and half an inch deep. 
On the other streets the surface was pitted with a toothed roller, 
giving it the appearance of a Nelsonville paving block. 

After fifteen years of service the pavements are as a whole 
in a remarkably good condition, and with the exception of the 
wear along the longitudinal joints the surface shows but little 
the effect of traffic. Had these longitudinal joints been eliminated, 
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the work would to-day be in a first-class condition, as the joints 
at right angles to the curb show no appreciable wear. The surface 
markings have been erased in places, but with this exception the 
general surface is as good as the day it was placed. 

These pavements were laid by contract at a cost to the 
city of $2.25 per square yard, including curb and drains. In 
1900 the population of Bellefontaine was 6,550, which gives some 
idea of the amount of traffic to which these streets have been 
subjected. 

The next city to experiment with concrete pavements was 
Richmond, Ind. A short, narrow alley was paved there in 
1896. The pavement was laid and finished in very much the 
same manner as the Bellefontaine pavements, and with the 
exception of a slight unevenness in the surface of the blocks, 
due to a settlement in the foundation, shows practically no wear. 
Three additional alleys were paved in 1901, and every year since 
then a small amount of concrete pavement has been laid in 
Richmond. In fact, concrete has practically been adopted there 
as a standard for alley construction, as the cost is less than for 
any other suitable pavement. 

Since 1900 a large amount of concrete pavement has been 
laid throughout the country, but with the exception of com- 
paratively small areas in a few cities, most of the work has been 
done by two companies controlling patented methods of con- 
struction. These two patented systems are radically different 
as to method of construction, and a short description of a piece 
of work constructed according to each system will answer in 
a general way for all work laid by these companies. 

What is known as the “Hassam Pavement” has been laid 
during the past three years in a number of cities in the States 
along the Atlantic Coast, and a description of a pavement at 
Summerville, Mass., will answer for pavements of this type. 

The street was excavated to a depth of 6 in. below the grade 
line and rolled to the proper section. Upon this sub-grade 
was placed a layer of 1% to 2% ins. of crushed stone, which, 
after thoroughly rolling to a surface 2 ins. below the finished grade 
of the street, was treated with a grout composed of one part 
cement and three parts fine sand. The grouting and rolling 
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were continued until the voids in the stone were well filled. 
The wearing surface consisted of a 2-in. layer of crushed trap 
rock. This was first rolled and then grouted with a thin grout 
composed of one part cement and two parts sand. For the finish, 
a thick grout of one part cement, one part sand, and one part 
pea-sized trap rock was poured on and brushed over the surface. 
The pavement was rolled to an even surface, allowed to harden 
for six days and was then ready for traffic. Expansion joints 
I in. wide filled with tar were provided at the curbs and placed 
across the street every 100 ft. Some 2€,000 sq. yds. of pavement 
were laid at a contract price of $1.65 per sq. yd. Granite block 
pavement costs about $2.35, asphalt about $3.80 and vitrified 
brick about $2.75 per sq. yd. in Summerville. 

The other patented pavement is what is known as the “Blome 
Company Granitoid Concrete Blocked Pavement” and has been 
laid in a number of cities throughout the country. In 1906-07 
the approaches to the new highway bridge over the Potomac 
River at Washington, D. C., were paved with this pavement. 
This is a representative example of the Blome pavement and 
was constructed about as follows: 

A suitable sub-grade was prepared and brought to the re- 
quired section, 7 in. below the finished surface of the street. 
The pavement proper consists of a 5% in. concrete base composed 
of one part cement, three parts sand, and five parts aggregate, 
YZ to 2 in. crusher run, the concrete being deposited in sections 
extending across the full width of the street. Before the base 
began to harden it was finished with a wearing surface 1% in. 
thick, composed of two parts cement and three parts crushed 
granite screenings, all of which passed a No. 4 mesh, and from 
which the dust had been removed. Before the wearing surface 
hardened it was marked off into blocks about 4x9 ins., the 
g in. dimension being perpendicular to the curb. The block 
markings or grooves are about half an inch wide and one-quarter 
of an inch deep, with rounded edges. As a final finish, the 
surface before it had hardened was brushed with a stiff brush, 
so that it would not be too smooth or slippery. Expansion joints, 
about I in. wide, were placed 50 ft. apart, the joints being filled 
with a suitable pitch or asphaltum. About 15,000 sq. yds. of pave- 
ment were laid at an average cost of $2.00 per sq. yd. The 
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pavement is subjected to very heavy traffic, mostly heavy wagons 
hauling brick, and, while it shows some wear and has been 
repaired, those in charge of the streets in Washington consider 
that nothing but a granite block on a concrete foundation would 
have worn any better. 

As to the cost of concrete pavements, there is comparatively 
little data available, but the contract price for which this pave- 
ment has been laid in a number of cities, together with the cost 
in the same cities of other pavements, supplies some information 
on this question. The cost, of course, varies according to the 
price of material and labor, and depends very much upon the 
method of construction and character of the foundation upon 
which the pavement is laid. 

Windsor, Ontario, at the beginning of last year, had some 
20,500 yds. of concrete pavement that were laid by contract 
at a cost to the city of from 99 cts. to $1.15 per sq. yd. Concrete 
curb cost 38 cts. per lineal foot, making the total cost for a 
28 ft. street from $1.23 3/7 to $1.39 3/7 per sq. yd. The 
pavement consisted of a 4 in. hand-mixed concrete base, a 
1:3:7 mix Portland cement, sand and %4 to 3 in. crushed lime- 
stone. Two different wearing surfaces were used. On some 
streets the 4 in. concrete base was covered with 2 ins. of 1:2:4 
gravel concrete, and on the other streets a layer of 1:2:4 gravel 
concrete, 1% ins. thick, was covered with half an inch of 1:2 
sand mortar. The cost of the pavement per square yard was 
divided as follows: 


Base 4 ins. of 1:3:7 stone concrete ............+. $0.57 
Top 2 ins. of 1:2:4 gravel concrete .............+. 32 
RS hin oes bold ce gre ah wales 2 mess ped 09-4 <P eige 
Base 4 ins. of 1:3:7 stone concrete............... $0.66 
Top 14 ins. of 1:2:4 and 4 in. of a 1:2 mortar...... 39 
NN ee a eee Ss ar 10 gr ire 


FP eT PRES PEEER TT ESTES CE $2.05 
River sand, per cubic yard .............-+eeee0- 1.15 
Screened gravel, per cubic yard .........++..-00s 1.25 
Sh SNE LEOIDD, , .. so vb ne's Seo esc cesies 1.15 


Tee $1.75 to 2.00 
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At this cost of materials and labor, the contractor made a 
fair profit on the work done at $1.15 per sq. yd., but any profit 
at 99 cts. per sq. yd. is questionable, according to a former 
city engineer who furnished this data. These pavements are 
a great improvement over the macadam pavements constructed 
in Windsor at a cost of about $1.10 per sq. yd., but, | under- 
stand, have not been entirely satisfactory. 

In Richmond, Ind., the contract price for this class of work 
has varied between $1.62, which was the cost of the first pave- 
ment laid in 1896, and $1.06, the contract price for which two 
short alleys were paved during the past year. Most of the 
pavements there consist of a 5 in. 1:2:5 concrete base and 1% in. 
wearing surface of one part cement to two parts sand, or one 
part cement to one part sand and one part stone screenings. The 
surface is not marked in any way; simply floated with a steel 
trowel and raised with a cork float. Most of the pavement is in the 
business section of the city and all of it is in good condition. The 
present city engineer places concrete pavement in the same class 
with brick and when laid in a first-class manner considers it suit- 
able for places where brick would be proper. The lowest price 
for which brick pavement has been laid in Richmond is about 
$2.00 per sq. yd. 

In 1907, as an experiment, a small amount of concrete 
pavement was laid in Jackson, Mich. The pavement was laid 
on a wide street used largely for heavy teaming and has probably 
been subjected to the heaviest traffic of a city of 25,000. The 
pavement laid on a 4 in. gravel sub-base consists of a 6 in. gravel 
concrete base of a 1:7 mix, and a 4 in. wearing surface, one 
part cement to three parts Wisconsin granite. The work was 
done by a local contractor at a cost of $1.70 per sq. yd. The 
pavement to-day is in first-class condition and, according to the 
contractor who did the work, looks as though it would last for 
fifty years. 

One of the first cities to use concrete as a paving material 
was Toronto, Canada, where in 1899 a small amount of this 
type of pavement was constructed. The asphalt pavements be- 
tween the car-tracks on a street subjected to heavy traffic had 
gone to pieces, and, instead of resurfacing with asphalt, a new 
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wearing surface of concrete was laid on the old concrete base. 
This concrete top was composed of one part cement, one-half 
part sand and two parts crushed granite and was from 2% to 
3 ins. in thickness. Owing to the exceptionally heavy traffic, 
the work was not entirely satisfactory and the pavement had to 
be repaired after three years of service. A similar piece of 
work laid in 1900 on a residence street, has, however, given 
entire satisfaction and in 1903 a street subjected to heavy traffic 
was paved with concrete. The work was done by the City 
Engineering Department at a cost of $1.74 per sq. yd. for a 4 in. 
1:3:7 broken stone concrete base and a 2% in. wearing surface 
composed of one part cement to one part sand and three parts 
crushed granite. The following year a similar pavement, with 
a gravel and 2 in. tile drain, was constructed at a cost of 
$1.92 per sq. yd. 

A longitudinal expansion joint three-quarters of an inch 
wide was placed down the center of the Toronto pavements, 
and, except for a slight chipping of the edges of the expansion 
joints, the pavements to-day are in very good condition. | 

In Toronto, asphalt and bitulithic pavements cost $2.25 per 
sq. yd., the former laid on a 6 in. and the latter on a 4 in. 1:3:7 
concrete base. Vitrified brick cost $2.55 on a 6 in. concrete 
base and $2.25 on a 4 in. concrete base, and granite block on a 
6 in. concrete base $3.50 per sq. yd. 

At LeMars, Iowa, a small amount of concrete pavement 
was laid in 1904, and a careful inspection of this work shows it 
to be in better condition than an adjoining brick pavement laid 
about the same time. The pavement consisted of a 5 in. base 
composed of one part cement to six parts gravel and a 1% in. 
wearing surface of a 1:2 mixture with coarse sand. This pave- 
ment was laid at a cost of $1.25 per sq. yd., while ten blocks 
of brick pavement laid the same season cost $2.08 per sq. yd. 
The cost of gravel was about 75 cts. per cu. yd. and of cement 
about $2.00 per barrel. The cost of grading was practically 
eliminated, as the dirt was sold for nearly enough to pay for the 
work. 

Denver, Col., has a number of alleys paved with concrete, 
and this pavement is also used by the Denver Tramway Company 


Cuuss ON Cost OF CONCRETE PAVEMENTS. 303 


for paving between its rails and tracks. Four years ago there 
were some 30,000 sq. yds. of this pavement in use in alleys 
throughout the city, some of which are subjected to heavy traffic, 
and to-day the pavement is, | understand, in excellent condition. 

The cost of a 4 in. 1: 3:6 concrete pavement, finished with 
2 ins. of 1: 2:4 concrete, has ranged from $1.08 to $1.27 per sq. 
yd. Asphalt pavement in Denver cost about $3.47 per sq. yd., 
in 1907. 

The City of Panama had over two miles of streets paved 
with concrete during 1906 and 1907, at a cost of about $2.00 per 
sq. yd., as against over $4.00 per sq. yd. for brick. The pave- 
ment, laid in alternate sections about 10 ft. wide, consists of 
5 ins. of a 1: 24%: 5 concrete which was mixed rather wet, tamped 
until mortar flushed to the surface, and then finished with a 
trowel. For stone, the old cobbles which formerly paved the 
street were crushed in a portable crusher. Owing to the method 
of construction and the uniform tropical temperature, expansion 
joints were not considered necessary. 

A small stretch of concrete pavement, 138 ft. long by 36 ft. 
wide, was laid at Allentown, Pa., during July, 1908. The 
street was excavated to a depth of 5 ins., and rolled with a 
steam roller. Upon this foundation was placed 5 ins. of hand- 
mixed concrete, one part cement to seven parts crushed stone 
The top or wearing surface consists of I in. of a 1:2 mixture of 
cement and ground granite passing a 4% in. mesh. Expansion 
joints 34 in. wide were placed along the curbs and a similar joint 
across the street 79 ft. from the ends. The surface was not 
blocked or marked in any way; simply roughened with a coarse 
reed brush. A gang of twenty men laid this pavement in three 
days and the cost of the work was $1.40 per sq. yd. 

Bozeman, Montana, has some 25,700 sq. yds. of concrete 
pavement laid during the fall of 1908 by contract at a totai cost, 
including all items, of $2.28 per sq. yd. Excavation was figured 
at 50 cts. per cu. yd., gravel fill $1.25 per cu. yd. and the pave- 
ment proper, not including the above items, $1.95 per sq. yd. 
Cement cost about $2.40 per barrel, sand and gravel $2.00 and 
$1.25, respectively, and common labor $2.50 for an 8-hour day. 
The street was excavated, rolled to the required section and a 3 in. 
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gravel sub-base laid over the area where no gravel foundation 
was found. The pavement, laid in alternate blocks 10 ft. square, 
with sides perpendicular to and parallel with the curb, consists of 
a 5% in. concrete base, one part cement to six parts gravel, and a 
1% in. wearing surface, one part cement, one part crushed bould- 
ers or pea gravel through a 1% in. mesh, and one part clean, coarse 
sand. The surface was marked off and finished in very much the 
same manner as described for the Washington pavement, and 








FIG. I.—CONCRETE PAVEMENT AT BOZEMAN, MONTANA, 


expansion joints placed across the street every 100 ft. and also 
along the curbs. (See Fig. 1.) 

In Chicago there are a great many thousand square yards of 
concrete pavements subjected to all conditions of traffic, from the 
comparatively light on alleys and streets in the residence district 
to the heaviest on the streets adjacent to the large manufacturing 
and industrial plants. At the Hawthorne plant of the Western 
Electric Company, 48th Avenue and 24th Street, are some 40,000 
sq. yds. of this pavement, most of which has been in use for four 
or five years, and it is all in first-class condition, Not one cent 
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has been expended for repairs, and they have found it to be the 
most suitable and cheapest pavement to construct and maintain. 

During the spring of 1905 quite an extensive stretch of pave- 
ment was laid for Armour and Company on a street adjacent to 
their main packing plants at the Union Stock Yards. This pave- 
ment is subjected to heavy traffic from large packing plants in 
the immediate vicinity, is giving splendid service and is considered 
to be almost as noiseless as asphalt and much more sanitary than 
brick or block pavements. The pavements at the Western Elec- 
tric Company and at the Union Stock Yards are very much alike 
and similar in general construction to the Washington pave- 
ments. The cost of the former, I understand, was from $1.80 to 
$2.20 per sq. yd., depending upon the depth of sub-base or fill, and 
of the latter, about $1.75 per sq. yd. 

A large amount of concrete pavement was also laid during 
the fall of 1905 for Sears, Roebuck and Company at their mam- 
moth plant on Harvard Street, Chicago. The pavement consists 
of a 6 in. 1:3:4 concrete base, cement, torpedo sand and crushed 
stone, and a 14 in. wearing surface composed of five parts cement 
to seven parts granite screenings through a 4% inch mesh. The 
surface was marked off into blocks about 4 by Io ins., with 
grooves about 4 in. deep and % in. wide, and expansion joints 
were placed every 24 ft. across the pavement and at the curbs. 
With the exception of some long cracks that have appeared at the 
crown in a number of places, the pavement is in very good condi- 
tion, notwithstanding the fact that it is subjected to exceptionally 
heavy traffic, probably as heavy as on any street in Chicago out- 
side the “loop district.”" The cracks in this pavement are un- 
doubtedly due to the fact that it was laid on a comparatively 
deep, new clay fill and to the presence of a tunnel, carrying steam 
pipes, directly beneath the pavement at the center of the street, 
the cracks in most places being directly over the tunnel. 

Examples of this type of pavement may also be seen in a 
number of other places in Chicago on streets and alleys, where it 
has been laid at the request of adjoining property owners by 
private contract at a less cost than any other suitable pave- 
ment. Last year in Chicago asphalt pavement cost about $2.03, 


creosote wood block $3.44 to $3.49, brick $2.55 and granite block 
$3.89 per sq. yd. 
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Probably the most extensive piece of concrete pavement in 
this country is at Gary, Indiana, where about three miles of pave- 
ment were laid during 1906 and 1907 on the principal streets 
of this modern city. (See Fig. 2.) Three years ago Gary was 
unknown, and to-day it is a city with a population of about 12,000. 
The construction of these pavements was among the first work 
undertaken and the greater part of the vast amount of material 
used in the building of this city was hauled over these pavements. 














FIG. 2.—-CONCRETE PAVEMENT, GARY, IND. 


The traffic over them has been quite heavy, and they have worn 
remarkably well. The pavement proper was laid directly on the 
natural sand foundation and consists of a 5 in. 1: 2:4 concrete 
base covered with a 2 in. wearing surface, five parts cement to 
about seven parts red granite screenings. The surface was 
marked off and finished in about the same manner as described 
for the Washington pavements, and the cost of the work was 
in the neighborhood of $2.00 per sq. yd. 
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New Orleans has eleven blocks of concrete pavement quite 
similar to the Washington pavement, the work having been com- 
pleted the latter part of 1908 at an average cost of about $2.95 
per sq. yd. This high cost was due to the fact that the crushed 
stone used in the 134 in. wearing surface cost about $3.50 per 
cu. yd., and for the further reason that more than one-half the 
cost of the pavement was borne by the city and paid for in interest 
bearing paving certificates worth about 85 cts. on the dollar. 
Concrete pavements have been laid in Grand Rapids, Michigan, 
at $1.50 to $1.78 per sq. yd. Kalamazoo, Michigan, has some 
10,000 sq. yds. of this pavement, laid at a contract price of $1.74% 
per sq. yd. Hancock, Michigan, reports 7,900 sq. yds. costing 
$2.2014, and Sioux Falls some 6,000 sq. yds. costing about $1.92 
per sq. yd. 

This type of pavement has been constructed in a number 
of other cities and towns, but what has been said concerning the 
cost and method of construction applies in a general way to the 
work as laid throughout the country. 

From the data presented it will be seen that there has been 
a marked variation in the methods of construction. The thick- 
ness of the base has varied from 4 to 6 ins., practically every 
mixture from a 1: 3:7 to a 1: 2:4 hand or machine mixed con- 
crete has been used, and the base has also been formed by 
filling the voids in a layer of stone with a cement grout. The 
pavements have been laid in blocks or sections from 5 ft. square 
up to sections the full width of the street and too ft. long. Ex- 
pansion joints have been placed, in some cases, across the street, 
down the center and at the curbs; in other cases no expansion 
joints were used. The joints across the street have been placed 
from 24 to 100 ft. apart, and for fillers ordinary coal tar pitch 
and specially prepared asphaltic compounds have been used. 

The greatest variation, however, is to be found in the con- 
struction of the wearing surface, and it would be difficult to con- 
ceive of any variation in the method of laying, finishing and 
marking the wearing surface that has not been tried. Pavements 
have been laid with no separate wearing surface, and with wear- 
ing surfaces of from 1 to 4 ins. of about every mixture from a 
I:1I mortar, with different sands and stone screenings, to a 
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1:2:4 concrete. In some cases the surface has been given a 
smooth trowel finish, or a brush finish, and left in this condition ; 
in others the smooth or brushed surfaces have been marked into 
square or rectangular blocks by grooving with grooves of various 
shapes, widths and depths, these surface markings being either 
perpendicular and parallel to the axis of or running diagonally 
across the street. 

Considering the great variation in the method of construc- 
tion it is not surprising that these pavements have been a success 
in some places and a failure in others. Pavements that would 
not answer for sidewalks have been constructed and expected to 
withstand the abuse of heavy traffic, and such construction has 
served to discourage the use of concrete as a paving material and 
to create a false impression as to its value for this class of work. 

Concrete pavements have been laid by contract at a cost of 
from 99 cents to $2.92 per sq. yd. The former figure is un- 
doubtedly too low for first-class construction even under the most 
favorable conditions, and $2.92, the cost per sq. yd. of the New 
Orleans pavement, is high, owing to local conditions. Consid- 
ering the cost of material and labor and the method of con- 
struction, the estimated cost of $1.95 per sq. yd. for the pave- 
ment proper as laid in Bozeman, Montana, is probably more 
representative of the cost of this type of pavement; if anything, 
a little high. 

The expensive part of a brick, block or asphalt pavement is 
the wearing surface. In Chicago, for example, between 70 and 
75 per cent. of the cost per sq. yd. of a brick pavement .(not 
including excavation or fill) is for materials and labor in laying 
the wearing surface alone, and for granite block between 78 
and 82 per cent. of the cost is represented in the wearing surface. 
In the construction of a concrete pavement a comparatively cheap 
but satisfactory material, and one that costs much less to lay, is 
substituted for these expensive wearing surfaces, which explains 
why this pavement can be constructed at a much less cost than 
for those now in general use. The saving in cost is in the wear- 
ing surface, for practically the same concrete base answers for 
each type of pavement. 

A concrete pavement is easily and economically cleaned, and 
from a sanitary and esthetic point of view is an ideal pave- 
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ment. Where properly laid, such a pavement offers a good foot- 
hold for horses, is very little, if at all, more slippery than brick or 
stone block, and certainly less so than asphalt or wood block. Its 
resistance to traction is probably less than for any other pave- 
ment, and, while it is not as noiseless as asphalt or wood block, 
is superior to brick and stone blocks in this respect. 

Such pavements are probably not adapted to the heaviest 
trafic of our largest cities, but may be considered as suitable in 
all places where brick, wood block or asphalt would be proper ; 
and adapted to all conditions of traffic except that demanding 
stone block. Concrete is the ideal material for the paving of 
residence streets, of alleys, courts and squares, and in general 
makes an excellent intermediate pavement, as to cost and dura- 
bility, between the stone block pavement of heavy traveled 
streets and the macadam of our country roads. 

Where properly constructed with suitable materials the con- 
crete pavement has been a success, and a careful inspection of 
the pavements as laid in a number of our principal cities and 
towns will, I believe, convince the most skeptical of the value of 
concrete as a paving material. 
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REPORT OF COMMITTEE ON SIDEWALKS, 
STREETS AND FLOORS. 


By W. W. ScHOULER, Chairman. 


od 





The Committee presents herewith revisions in the Standard 
Specifications for Portland Cement Sidewalks and a Proposed 
Standard Specification for Portland Cement Roads. 

Cement sidewalk construction should receive the most care- 
ful consideration of the Association as the condition and wearing 
qualities of cement sidewalks, all over the country, are under 
the direct observation of more people vitally interested than any 
other form of concrete construction. The specifications adopted 
at the last convention should have the most searching scrutiny 
and trial on the part of sidewalk contractors. The Committee 
realizes the importance and responsibility of an attempt to frame 
a specification applicable to the country at large, covering such 
variable and numerous climatic conditions. The experience of 
sidewalk contractors in the use of these specifications in the 
various sections of the country, if brought to the attention of 
the Committee would prove of invaluable aid in its work. 

The efforts of the Committee to have our Standard Speci- 
fications adopted by the various municipalities has met with 
varied success. In a great many instances the specifications have 
been adopted with slight modifications but the revised specifica- 
tions as herewith presented should obviate such modifications. 

The Committee has had called to its attention the question 
of incorporating in the specifications a dry mixture for sidewalks 
where the finishing coat is tamped on so that it will not break 
from the body of the concrete. Contractors having used this 
method should communicate their experience to the Committee. 

In the matter of the Proposed Specifications for Portland 
Cement Roads, the Committee has investigated the specifications 
covering the various methods of construction thus far used, and 
submits herewith tentative specifications for cement roadway 
construction. 


Notgs.— Discussion on Sidewalks, p. 382; on Roads, 390.—Eb. 
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NATIONAL ASSOCIATION OF CEMENT USERS. 


STANDARD SPECIFICATIONS 


PORTLAND CEMENT SIDEWALKS. 


ApopTepD JANUARY, 1908. 
Revisep JANUARY, 1900. 


The cement shall meet the requirements of the specifications 1. Cement. 
for Portland cement of the American Society for Testing Mate- 
rials, and adopted by this Association (Standard No. 1), Jan- 


Fine Aggregate shall consist of sand, crushed stone, or gravel 2. 
screenings, graded from fine to coarse, passing when dry a  ‘séreestes 
screen having 14-in. diameter holes, shall be preferably of sili- 
cious materials, clean, coarse, free from vegetable loam or other 
deleterious matter, and not more than 6 per cent. shall pass a 
sieve having 100 meshes per linear inch. 

Mortars composed of one part Portland cement and three 
parts fine aggregate by weight when made into briquets shall 
show a tensile strength of at least 70 per cent. of the strength of 
1:3 mortar of the same consistency made with the same cement 
and standard Ottawa sand. 

Coarse Aggregate shall consist of inert material, graded in 
size, such as crushed stone or gravel, which is retained on a 6ereeates 
screen having 14-in. diameter holes, shall be clean, hard, durable, 
and free from all deleterious materials. Aggregates containing 
soft, flat or elongated particles, shall be excluded. 


STANDARD No. 2. 


PHILADELPHIA, PA. 


FOR 


MATERIALS. 





AGGREGATES. 
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4. Water. 


5. Material. 


7. Wetting. 


to. Preparation. 


tr. Fills, 
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The maximum size of the coarse aggregate shall be such 
that it will not separate from the mortar in laying and will not 
prevent the concrete fully filling all parts of the forms. The size 
of the coarse aggregate shall be such as to pass a 114-in. ring. 

Water shall be clean, free from oil, acid, strong alkalies, or 
vegetable matter. 


FORMS. 


Forms shall be free from warp, and of sufficient strength 
to resist springing out of shape. All mortar and dirt shall be 
removed from forms that have been previously used. 

The forms shall be well staked to the established lines 
and grades, and their upper edges shall conform with finished 
grade of the walk, which shall have sufficient rise from the curb 
to provide proper drainage; but this rise shall not exceed three- 
eighths (34) of an inch per foot, except where such rise shall 
parallel the length of the walk. 

All forms shall be thoroughly wetted before any material 
is deposited against them. 


SIZE AND THICKNESS OF SLABS. 


Slabs without reinforcement shall not contain more than 
36 square feet or have any dimension greater than 6 feet. For 
greater area, slabs shall be reinforced with one-quarter (%4) 
inch steel rods, not more than nine (9) inches apart, or other rein- 
forcement equally as strong. 

The minimum thickness of the pavement shall not be less 
than four (4) inches. 


SUB-BASE, 


The sub-base shall be thoroughly rammed, and all soft spots 
removed and replaced by some suitable hard material. 

When a fill exceeding one foot in thickness is required, it 
shall be thoroughly compacted by flooding and tamping in layers 
of not exceeding six (6) inches in thickness, and shall have a 
slope of not less than one to one and a half (1: 1%). 

The top of all fills shall extend at least 12 inches beyond 
the sidewalk, 
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While compacting, the sub-base shall be thoroughly wetted 
and shall be maintained in that condition until the concrete is 
deposited. 


BASE, 


The concrete for the base shall be so proportioned that the 
cement shall overfill the voids* in the fine aggregate by at least 
five (5) per cent., and the mortar shall overfill the voids in the 
coarse aggregate by at least ten (10) per cent. The proportions 
shall not exceed one (1) part of cement to eight (8) parts of 
the fine and coarse aggregates. 

When the voids are not determined, the concrete shall have 
the proportions of one (1) part cement, three (3) parts fine 
aggregates and five (5) parts coarse aggregates. A sack of 
cement (94 pounds) shall be considered to have a volume of one 
(1) cubic foot. 


MIXING. 


The ingredients of concrete shall be thoroughly mixed to 
the desired consistency, and the mixing shall continue until the 
cement is uniformly distributed and the mass is uniform in 
color and homogeneous. 

a. Measuring Proportions. Methods of measurement of the 
proportions of the various ingredients including the water, shall 
be used which will secure separate uniform measurements at 
all times. 


*To determine voids, fill a vessel with sand and let net weight of sand equal B, 
Fill same vessel with water and let net weight of water equal A. 
A x 2.65 — 
A x 2.65 


Per cent, voids= — x 100 


This formula may also be used in determining voids in crushed stone.and screenings by 
substituting for 2.65 the specific gravity of the stone. 

The following is a more simple method for determining voids in coarse aggregate. Fill 
avessel with the aggregate and let net weight equal B. Add water slowly until it just 
appears on the surface and weigh, Let net weight equal A. Fill same vessel with water 
and let net weight equal C. 


, —B 
Per cent. voids= A X 100, 
Cc 


Use a vessel of not less than one-half (4) cubic foot capacity. The larger the vessel the 
more accurate the result. 


12. Wetting. 


13. Proportions. 


14. Voids. 


15. Mixing. 








16. Retempering. 


17. Placing. 


18. Protection. 


19. Thickness. 


20. Mixing. 
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b. Machine Mixing. When the conditions will permit, a 
machine mixer of a type which insures the proper mixing of the 
materials throughout the mass shall be used. 

c. Hand Mixing. When it is necessary to mix by hand, the 
mixing shall be on a water-tight platform and the materials shall 
be turned until they are homogeneous in appearance and color. 

d. Consistency. The materials shall be mixed wet enough 
to produce a concrete of such a consistency as will flush readily 
under light tamping, and which, on the other hand, can be con- 
veyed from the mixer to the forms without separation of the 
coarse aggregate from the mortar. 

e. Retempering. Retempering mortar or concrete, i. ¢., re- 
mixing with water after it has partially set, shall not be per- 
mitted. 


PLACING OF CONCRETE. 


a. Methods. After the addition of water the mix shall be 
handled rapidly to the place of final deposit, and under no circum- 
stances shall concrete be used that has partially set. 

b. Freezing Weather. The concrete shall not be mixed 
or deposited at a freezing temperature unless special precautions 
are taken to avoid the use of materials containing frost or cov- 
ered with ice crystals, and in providing means to prevent the 
concrete from freezing after being placed in position and until 
it has thoroughly hardened. i 

Sidewalks shall be laid in such a manner as to insure the 
protection of the pavement from injury due to changes in foun- 
dations or from contraction and expansion. 

Workmen shall not be permitted to walk on freshly laid 
concrete, and where sand or dust collects on the base it shall 
be carefully removed before the wearing surface is applied. 


WEARING SURFACE, 


The wearing course shall have a thickness of a least one 
(1) inch. 

The wearing surface shall be mixed in the same manner as 
the mortar for the base, the proportion one (1) cement to 
two (2) of fine aggregate, and it shall be of such consistency as 
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will not require tamping, but will be readily floated with a 
straight-edge. 

The wearing surface shall be spread on the base immediately 
after mixing, and in no case shall more than fifty (50) minutes 
elapse between the time that the concrete for the base is mixed 
and the time that the wearing course is floated. 

After being worked to an approximately true surface, the 
slab markings shall be made directly over the joints in the base 
with a tool which shall cut clear through to the base and com- 
pletely separate the wearing courses of adjacent slabs. 

The slabs shall be rounded on all surface edges to a radius 
of not less than one-half (1%) inch. 

When required, the surface shall be troweled smooth. 

The application of neat cement to the surface in order to 
hasten the hardening is prohibited. 

On grades exceeding five (5) per cent., the surface shall 
be roughened. This may be done by the use of a grooving 
tool, toothed roller, brush,. wooden float or other suitable tool; 
or by working coarse sand or screenings into the surface. 


Where color is used it shall be incorporated uniformly and 26. 


the quantity and quality shall be such as to not impair the 
strength of the wearing surface. 


SINGLE-COAT WORK. 


Single-coat work shall be composed of one part of cement, 
two parts of fine aggregate and three parts of coarse aggregate, 
and the slabs separated as provided for in the specifications for 
two-coat work. 

The concrete shall be firmly compacted by tamping and 
evenly struck off and smoothed to the top of the form. Then, 
with a suitable tool the coarser particles of the concrete shall be 
tamped to a depth which will permit of finishing the walk as 
under “Wearing Surface.” 


PROTECTION AND GRADING. 


When completed, the walk shall be kept moist and pro- 
tected from traffic and the elements for at least three days. 
Grading after the walks are ready for use should be on 


24. 


25. 


28. 


29. 


- Depositing. 


- Marking. 


. Edges. 
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31. Trench. 


32. Thickness, 


33. Wearing 
Surface. 


34. Joints. 


35. Faces. 
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the curb side of the sidewalk, one and one-half (11%) inches 
lower than the sidewalk, and not less than one-quarter (™%) 
inch to the foot fall towards the curb or gutter. On the property 
side of the walk the ground should be graded back at least two 
(2) feet and not lower than the walk; this will insure the frost 
throwing the walk alike on both sides, 


CURBS. 


The trench shall be excavated to a depth not greater than 
the bottom of the curb and a width not greater than the thickness 
of the curb plus six (6) inches. 

The thickness of the curb shall not be less than six (6) 
inches. 

After the forms are set about one (1) inch of wearing sur- 
face shall be placed on the inside of the curb form, then the 
concrete shall be deposited at one operation and firmly tamped 
to within one (1) inch of the top of forms. The top wearing 
surface shall then be placed and be of the same composition as 
that specified for sidewalks. 

Joints shall be made three-fourths (34) the depth of the 
curb, continuous with joints of the sidewalk and in no case 
more than six (6) feet apart. 

The forms shall be removed as soon as practical and the 
faces finished at one operation floating down six (6) inches with 
a one to one mixture of cement and fine aggregate of sufficient 
thickness to produce a smooth surface. 

Where a combination curb and gutter is required, they shall 
be cast at the same time and finished at one operation. 














NATIONAL ASSOCIATION OF CEMENT USERS. 


PHILADELPHIA, PA. 


PROPOSED SPECIFICATIONS 
FOR 
PORTLAND CEMENT ROADS. 





MATERIALS. 


The cement shall meet the requirements of the specifications 1. Cement. 


for Portland cement of the American Society for Testing Mate- 
rials, and adopted by this Association (Standard No. 1), Jan- 


uary, 1906. 
AGGREGATES. 


Fine Aggregate shall consist of sand, crushed stone, or gravel 
screenings, graded from fine to coarse, passing when dry a 
screen having %-in. diameter holes, shall be of silicious materials, 
clean, coarse, free from vegetable loam or other deleterious 
matter, and not more than 6 per cent. shall pass a sieve having 
100 meshes per linear inch. 

Mortars composed of one part Portland cement and three 
parts fine aggregate by weight when made into briquets shall 
show a tensile strength of at least 70 per cent. of the strength of 
I: 3 mortar of the same consistency made with the same cement 
and standard Ottawa sand. 

Coarse Aggregate shall consist of inert material, graded in 
size such as crushed stone, or gravel, which is retained on a screen 
having 1%4-in. diameter holes, shall be clean, hard, durable, and 
free from all deleterious materials. Aggregates containing soft, 
flat or elongated particles, shall be excluded. 

The maximum size of the coarse aggregate shall be such 
that it will not separate from the moriar in laying and will not 
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prevent the concrete fully filling all parts of the forms. The size 
of the coarse aggregate shall be such as to pass a %-in. ring. 
Where cinder concrete is permissible the cinders used as 
the coarse aggregate shall be composed of hard, clean, vitreous 
clinker, free from sulphides, unburned coal or ashes. 
4. Water. Water shall be clean, free from oil, acid, strong alkalies, or 
vegetable matter. 


FORMS. 


5. Lumber. Forms shall be of lumber, free from warp, and not less 
than one and three-quarters (134) inches thick. All mortar and 
dirt shall be removed from forms that have been previously used. 

6. Setting. The forms shall be well staked to the established lines 
and grades, and their upper edges shall conform with finished 
grade of the road, which shall have sufficient rise from the gutter 
to provide proper drainage; but this rise shall not exceed one- 
quarter (%4) of an inch per foot, except where such rise shall 
parallel the length of the road. 


7. Cross Forms, At each division, cross forms shall be put in the full width 
of the roadway and at right angles to the side forms. 
8. Wetting. All forms shall be thoroughly wetted before any material 


is deposited against them. 


SUB-BASE. 


9. Preparation. The sub-base shall be thoroughly rolled (with a 5-ton roller) 
to the proper slope—t1o inches below the finished grade, and all 
soft spots removed and replaced by some suitable hard material. 

ro. Fills. When a fill exceeding one foot in thickness is required, it 
shall be thoroughly compacted by flooding and tamping in layers 
of not exceeding six (6) inches in thickness, and shall have a 
slope of not less than one to one and a half. 

The top of all fills shall extend at least 24 inches beyond 
the roadway. 

rx. Wetting. While compacting, the sub-base shall be thoroughly wetted 
and shall be maintained in that condition until the concrete is 
deposited. 
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BASE, 


The concrete for the base shall be not less than 6 inches thick 
and so proportioned that the cement shall overfill the voids* in 
the fine aggregate by at least five (5) per cent., and the mortar 
shall overfill the voids in the coarse aggregate by at least ten (10) 
per cent. The proportions shall not exceed one (1) part of 
cement to eight (8) parts of the fine and coarse aggregates. 

When the voids are not determined, the concrete shall have 
the proportions of one (1) part cement, three (3) parts fine 
aggregates and five (5) parts coarse aggregates. A sack of 
cement (94 pounds) shall be considered to have a volume of one 
(1) cubic foot. 


MIXING. 


The ingredients of concrete shall be thoroughly mixed to 
the desired consistency, and the mixing should continue until 
the cement is uniformly distributed and the mass is uniform in 
color and homogeneous, since maximum density and therefore 
greatest strength of a given mixture depends largely on thorough 
and complete mixing. 

a. Measuring Proportions. Methods of measurement of the 
proportions of the various ingredients, including the water, shall 
be used, which will secure separate uniform measurements at 
all times. 

b. Machine Mixing. When the conditions will permit, a 
machine mixer of a type which insures the proper proportioning 
of the materials throughout the mass should be used, since a 
more thorough and uniform consistency can be thus obtained. 








* To determine voids, fill a vessel with sand and let net weight of sand equal B, 
Fill same vessel with water and let net weight of water equal A. 


‘ Ax2.65—B 
Per cent. voids = X 100, 


Ax 2.65 

This formula may also be used in determining voids in crushed stone and screenings by 
substituting for 2.65 the specific gravity of the stone. 

The following is a more simple method for determining voids in coarse aggregate: Filla 
vessel with the aggregate and let net weight equal B. Add water slowly until it just appears 
on the surface and weigh, Let net weight equal A. Fill same vessel with water and let net 
weight equal C. 


? A—B 
Per cent. voids = —— X 100, 


Use a vessel of not less than one-half (4) cubic foot capacity. The larger the vessel, the 
more accurate the result. 


12. Proportions. 
13. Voids. 








15. Protection. 


16. Thickness, 


380 PROPOSED SPECIFICATIONS FOR CEMENT Roaps. 


c. Hand Mixing. When it is necessary to mix by hand, the 
mixing should be on a water-tight platform and especial precau- 
tions should be taken to turn the materials until they are homo- 
geneous in appearance and color. 

d. Consistency. The materials shall be mixed wet enough 
to produce a concrete of such a consistency as will flow into 
the forms and about the metal reinforcement, and which, on the 
other hand, can be conveyed from the mixer to the forms with- 
out separation of the coarse aggregate from the mortar. 

e. Retempering. Retempering mortar or concrete, i. ¢., re- 
mixing with water after it has partially set, shall not be per- 
mitted. 


PLACING OF CONCRETE, 


a. Methods. Concrete after the addition of water to the mix 
shall be handled rapidly, and in as small masses as is practicable 
from the place of mixing to the place of final deposit, and under 
no circumstances should concrete be used that has partially set 
before final placing. A slow setting cement should be used when 
a long time is liable to occur between mixing and final placing. 

When work is resumed, concrete previously placed shall 
be roughened, thoroughly cleansed of foreign material and lai- 
tance, drenched and slushed with a mortar consisting of one part 
Portland cement and not more than two parts fine aggregate. 

The faces of concrete exposed to premature drying should 
be kept wet for a period of at least seven days. 

b. Freezing Weather. The concrete shall not be mixed or 
deposited at a freezing temperature unless special precautions are 
taken to avoid the use of materials containing frost or covered 
with ice crystals, and in providing means to prevent the concrete 
from freezing after being placed in position and until it has 
thoroughly hardened. 

Workmen shall not be permitted to walk on freshly laid 
concrete, and where sand or dust collects on the base it shall 
be carefully removed before the wearing surface is applied. 


WEARING SURFACE, 


The wearing surface shall have a thickness of at least four 
(4) inches. 
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The concrete shall be mixed in the same manner as the mortar 
for the base, but the proportion of one (1) part cement to three 
(3) parts of fine aggregate, and six (6) parts coarse aggregate, 
and it shall be of such consistency as will not require tamping, 
but will be readily floated with a straight-edge. 

The concrete shall be spread on the base immediately after 
mixing, and in no case shall more than fifty (50) minutes elapse 
between the time that the concrete for the base is mixed and the 
time that the wearing course is floated. 

All surface edges shall be rounded to a radius of not less than 
one-quarter (14) inch. 


SINGLE COAT WORK. 
Single coat work shall be composed of one part of cement, 
two parts of fine aggregate and three parts of coarse aggregate. 
The concrete shall be firmly compacted by tamping and 
evenly struck off and smoothed to the top of the form. Then, 
with a suitable tool the coarser particles of the concrete shall be 
tamped to a depth which will permit a mortar finish. 


PROTECTION AND GRADING, 
When completed, the road shall be kept moist and pro- 
tected from traffic and the elements for at least three weeks. 
Grading after the roadways are ready for use should be on 

the curb side of the roadway, one and one-half (1%) inches 
lower than the roadway, and not less than one-quarter (1%) 
inch to the foot fall towards the curb or gutter. On each side 
of the road the ground should be graded back at least two 
(2) feet and not lower than the road; this will insure the frost 
throwing the road alike on both sides. 


Respectfully submitted on behalf of the Committee. 


Committee: W. W. ScHOULER, 
W. W. ScHOULER, Chairman, 
C. W. Boynton, 
G. F. LIvvie, 
GeorGE L. STANLEY, 
N. P. WINCHELL. 











Mr. Boynton. 


DISCUSSION ON SIDEWALKS. 





Mr. C. W. Boynton.—I have been asked to open the dis- 
cussion on the Standard Specifications for Cement Sidewalks. 
In a general way the specifications should be more definite as to 
aggregates, and I am quite certain that this will add to their value. 

There seems to be a diversity of opinion as to the necessity 
for a sub-base and the question of foundation. We should bear 
in mind that this Association is trying to draw up a specification 
that will satisfy as nearly as possible the various conditions met 
with in all sections of the country. We must not take the poorest 
natural condition and provide for that; neither must our specifi- 
cations provide for construction under the most favorable condi- 
tions. We should endeavor to strike a medium, rather leaning 
toward the less favorable conditions at all times. There is more 
of a tendency on the part of the builder of sidewalks, the engi- 
neer, or a community in general to modify a specification down 
rather than up. Therefore, I believe it is the duty of this Asso- 
ciation to make the specifications for sidewalks a little more rigid 
than would be required for the average condition. The specifi- 
cation should be one which will give, so far as possible, a good 
walk under practically all conditions and a first class walk under 
normal or average conditions. There are some localities that do 
not require a cinder foundation and drainage or other such 
refinements, but there are localities in which these things are a 
necessity. In a heavy clay soil artificial drainage is necessary, 
but where the soil is light and sandy the natural drainage is fre- 
quently sufficient. 

Shortly after the last Annual Meeting I was in Nebraska 
and the people there were up in arms because the specifications 
had undertaken to provide for some sort of drainage. They said 
their soil did not require drainage and they should not be bur- 
dened with such a requirement. If they do not require drainage 
it is not necessary for them to use it, but at the same time if we 
should draw a specification to suit that particular locality, pro- 
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vision for drainage would be lacking where necessary and poor 
walks would result. The end that we are aiming for as cement 
users and those interested in the preparation of materials used 
in the building of walks is perfect work wherever it is possible 
to get it. The engineer in using a standard specification must 
exercise judgment, and where an engineer is not in charge the 
contractor must use judgment. There is too much of a tendency 
in every locality to build cheap walks rather than good ones. 

Referring to size of slabs and thickness of walk, I can see 
no advantage in varying the size and thickness for different 
classes of service, for instance, the specification says that in 
business sections walks should be of a certain thickness for a 
given size slab, and in residence districts they should be of a dif- 
ferent size and thickness. I believe that a walk 434 ins. thick is 
light enough, also sufficiently heavy for ordinary service. To me 
it seems inconsistent to vary the thickness with the size of the 
slabs. If a walk 4% ins. thick is not sufficiently heavy for a 
particular service, the thickness should be increased regardless 
of the size of the slabs into which the walk is divided. 

The specifications mention single coat work. I believe that 
a good walk can be built by this method. The material required 
is about the same, but there is a slight saving in labor. If the 
specifications are not weakened by a provision for single coat 
work I can see no objection to it, but do think it would be 
advisable to include it as an optional clause. 

The last paragraph under Protection and Grading impresses 
me as being too broad. The contractor should not be required 
to do any more than is necessary to properly protect the walk 
and nothing more should be included in this specification. If 
the builder of the walk and the property owner wish to enter 
into an agreement for the grading of the lawn and parkway, the 
specifications for the sidewalk will not in any way interfere. 

Mr. W. W. ScHouLter.—When a sidewalk is laid honestly 
to the thickness suggested in the specification and cut right, I 
cannot understand why weather conditions or location should 
affect it at all. The same walk could be laid in Florida as in 
Oregon, if the blocks are supported the same as a flagstone. The 
guarantees called for by the average engineer and architect are 
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that there shall be no cracking for a period of five years, whereas 
the flagstone is not guaranteed over night. I cannot see why, 
when a sidewalk is laid as suggested, that it should need a porous 
foundation any more than a flagstone. Especially since it is 
known that the only reason sand or porous material is used under 
a flagstone is to have a uniform bed where the soil cannot be 
excavated so that a bluestone with an uneven surface will have 
a uniform bed all over. Consequently sand, coal dust or what- 
ever is convenient to make a uniform bed, is used. Flagstone 
works down continually, about the thickness of the material 
under it, through the washing of the rain; but you will find 
cement walks seldom are raised by frost. If they come up at all 
it is on account of the root of a tree or if the joints are not large 
enough the walk may heave up in places from expansion. I have 
not seen any sidewalks set up in the summer that are affected by 
the frost in the winter, and I have made many observations. In 
Dansville, New York, there are seven miles of sidewalk laid 
right on the ground, and I have not been able to find a crack. 
The cost was 9 cts. a foot. 

In the matter of drainage in a city, this is established by the 
curb. To drain the excavation underneath a sidewalk it was 
suggested last year that you connect it with the sewer. Streets 
usually have sidewalks before sewers. A gentleman from Ohio 
said that if he did not have a sewer in the street he would 
connect the excavation under the sidewalk with his cellar. I 
found afterwards that the lake was rising and falling about 2 ft. 
in his cellar, so it did not make much difference. 

The reason cement sidewalks are slighted is largely because 
of the competition with bluestone, which is more apt to crack 
than cement from frost or any other cause. In order to get 
down to the cost of bluestone we have had to leave out cement. 
Now if we could get out the cinder foundation we can success- 
fully compete with the bluestone men. 

As to the size of blocks, I believe that 75 per cent. of the 
sidewalks, driveways and stable floors are 4 ins. thick and 50 
per cent. of the sidewalks in the country are 4 ft. wide. The 
specifications call for blocks to be as many inches thick as they 
are feet wide and to be square. I have tried to lay sidewalks 6 
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and 8 ft. square, 4 ins. thick and frequently found they would 
crack; and it seems to me that to vary the thickness with the 
size is the safest. I do not think that a distinction should be 
made between the thickness of residence and business walks. 

Regarding the size of sand, I cannot mention any contractor 
who knows intelligently what proportion of sand will pass a 15- 
mesh and stand in a 20-mesh or vice versa. I tried to introduce 
these specifications in the city of Newark, N. J., and the City 
Engineer said immediately, “Omit the sand clause.” He had no 
use for it. Good coarse sand, which a contractor can find most 
anywhere, is the best to use. 

Someone mentioned the use of quicksand. I would not lay 
a sidewalk if I had nothing but quicksand to use, and I would 
expect poor results from using fine sand, 

Mr. W. F. WiseLoce..—I do not agree with Mr. Schouler 
on the question of slabs. We all know that a residence sidewalk 
does not receive the hard usage of a business sidewalk. A resi- 
dence sidewalk 4 ins. thick is heavy enough. However, a walk 
in front of a place of business where barrels and large trucks 
are handled, especially when a commercial drummer comes along 
with a trunk that weighs a ton or two and it is dumped down 
on the sidewalk, if that sidewalk has not sufficient thickness it 
will not stand. 

There is one thing we all should bear in mind and it is that 
people will expect a concrete sidewalk to have the same strength 
as a stone walk, not considering how long it has been down. A 
stone has had years to crystallize and becomes solid. A side- 
walk, if it is down thirty days or three months at the outside, is 
supposed to be just as much of a stone as the natural stone. I 
claim it is not; it has not yet become a stone. Our engineers 
claim that it takes from five to ten years for an ordinary pier to 
crystallize and become hard all the way through. I know a case 
where a floor in a machine shop 8 ins. thick, had been down three 
years and in punching holes through for bolts, the first few inches 
were found to be hard. When getting down 5 ins. moisture was 
found in the concrete, and it was not as hard nor as strong as 
the top. In this case the concrete had not crystallized all the 
way through. It is not fair to expect a sidewalk to resist any 


25 


Mr. Schouler. 


Mr. Wiselogel. 








Mr. Wiselogel. 


Mr, Chandler. 


Mr. Longacher. 





386 DIscUSSION ON SIDEWALKS. 


misuse that it may fall heir to inside of a year after it is built. 
For that reason a sidewalk in front of a business block should 
be heavier and thicker than a residence sidewalk. 

Now in the matter of drainage, I think that depends upon 
circumstances. I do know that on a clayey soil, on a heavy and 
wet soil, a walk freezes and it does heave. Possibly the stone 
might rise and go back, providing there is no obstruction when 
it comes back. I believe that a specification should be made to 
cover such conditions. We know that in the northern part of 
these United States, especially where the heavy timber grew, 
that the soil is sandy and light. It freezes, but does not heave. 
There a sub-base is not necessary. But where the ground is low 
and clayey there should be some way of preventing this heaving. 
And again, if the sub-base is of porous cinders, they will gather 
the moisture and also freeze, and if they freeze they will expand. 
Therefore it is necessary to drain the sidewalk. 

Mr. Dana G. CHANDLER.—I have built sidewalks on the 
hardest kind of clay, where it was necessary to take a mattock 
and chip it up in order to get through. That walk to-day is just 
as good and even better than any walk I ever laid on a sub-base. 
I am always thorough in cutting the joints, using sand. The 
walk, it is very true, heaves, but it goes back. I have also built 
on sand and I have known of instances where the sidewalk 
heaved as badly on sand as on clay. It is my experience that if 
you are thorough in cutting your joints on clay soil you will 
have a good walk, as good as where a base is used. 

Mr. P. T. LonGAcner.—I have laid something like twelve 
miles of sidewalk over three different soils. It was clay, wet and 
dry sand, and we had three different experiences. We found 


A 


where we laid the sidewalk we used 3% ins. of concrete and 
¥% ins. top,—on dry sand and cut a 5 ft. walk into 4 ft. blocks, 
leaving at least from 11/16 to % in. joint, that we never had a 
bottom where it would heave. Where the ground was low and 
the water would stand under the walk, after freezing it would 
heave. We laid it on clay and after freezing it would heave. 
Some would go back and some would not. 

We never bid on a sidewalk unless we go out and look over 
the ground. I laid a sidewalk about a half a mile long, having 
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sand soil on both ends of the walk, and in the middle portion Mr. Longacher. 
black, loamy soil. About six months afterwards I had occasion 

to go over that sidewalk and could mark right on the sidewalk 

the place where the black ground commenced, because the light 

ground was hard. You could take a penknife and dig the walk 

over the wet black ground. I told the cement manufacturer 

that he had sold me a bad batch of cement. He soon convinced 

me that he had not and that it was the condition of the soil on 

which the sidewalk was laid. If I had used a cinder foundation 

or had the walk properly drained this would not have occurred. 

Mr. C. W. Capwetit.—I have spoken each year at this con- Mr. Cadwell. 

vention on the drainage question, and I am just as thoroughly 
convinced now as ever that we must judge by local conditions to 
a great extent. I intend to omit the sub-foundation almost 
entirely. I do not think there is a town but that it has clay, 
sand or black loam soil. The specifications for the sidewalk 
around the Detroit postoffice were to excavate down 12 ins. over 
all. It was heavy clay soil, and at our suggestion it was cut 
down to 8 ins. over all. It was 54 ft. wide in places. It has 
been down ten or twelve years and it is as nice a walk as any 
man has ever seen. I bid on a walk in lower Canada, near Mon- 
treal, in which was required 23 ins. of excavation. The man that 
got the work was even with me at 23 cts. a ft. He lost money 
on that contract and that piece of work was the curse of the 
town. A few years after that they sent a delegation up to 
Detroit and Windsor to look over the walks there, and on return- 
ing changed their excavation to 2 ins. and are building their 
walks now for 11 cts., less than one-half. 

I laid a walk about goo ft. long from curb to curb. It ran 
nicely down a hill for about one-half of the way. At the lower 
end a banker lived with his brother and they wanted the walk a 
little different from the specifications, and at the upper end of 
their lots, about 200 ft. from the lower end, put in tile right 
close down and ran it about 3 ft. under the walk at the direct 
sewer fall. They filled this up to the level of the walk with 
brickbats and gravel. This is the poorest piece of work in that 
town as far as heaving is concerned. I have seen cracks 1% ins. 
wide in winter-time. Right across the street there is a founda- 
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tion of 2 ins. of cinders under the walk, and it does not heave 
half as badly. The specifications called for 1 in. of sand or 
cinders. Why have any? I helped frame these specifications, 
and the only reason for putting in that 1 in. was, that if there is a 
high piece here and there and if there is not a sub-base, the water 
will have to raise clear over the walk and float away. If there 
is I or % in. of cinders it will give the seepage a chance to move 
off under the walk. 

I build all the way from Indianapolis to Alpena, Michigan, 
and a long distance up in Canada, and I have not resorted to a 
heavy fill for fifteen years. I have just entered my nineteenth 
year in the sidewalk business and have made the following 
demonstration. In Walkerville quite a stir was made about not 
having enough filling. My specifications read that where it was 
necessary we were to put in a filling of 6 ins., and I did not find 
it necessary very often. The Board of Works said that they did 
not know what was going on. I finally asked them if they would 
allow us to make an experiment and said that we would lower 
the forms I or 2 ins. and scrape out every particle of fill and lay 
on the heavy clay soil. We would put this block down and they 
need not pay for five years. There was not very much filling 
there then. That portion of the walk is just about as good as 
the rest of it. 

In building sidewalks we must go over clay, sand, black loam 
or anything else. I have put walks on black loam where you 
could jump on the soil and shake it for thirty feet around, and 
those walks are in splendid condition. I do not think it is in 
the foundation. 

A Memser.—I have had twenty-six years’ experience in 
building sidewalks in Western Canada and have tried every 
method under the sun. The condition of the soil is of great 
importance in building sidewalks. In our country there is a 
black loam, and I have found that the trouble is not so much 
with the heaving as with the breakage of sidewalks. The soil 
freezes under the sidewalk and it expands and contracts the walk, 
not heaves. I have had a great deal of trouble that way. Some 
eight or ten years ago I began to put ashes under the walk, not 
over 2 ins. thick, and since then I have never had a failure in 
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sidewalk work, either in a black soil or clay, and have fully 
made up my mind that it is not the heaving that breaks the walk, 
but it is the dirt freezing under the walk and not expanding the 
same as the cement. 

Cinders will not freeze in a sidewalk. You can go out the 
coldest day, take up a block of sidewalk and it will be perfectly 
clean. When the soil is dry and freezes we would have no side- 
walk break, but if the soil is wet and freezes to the sidewalk it 
will break nine times out of ten. I have never had a failure with 
cinders under the walk. I make my sidewalk 4 ins. thick and 
5 ft. wide. The sand and the gravel come from the river and are 
used in about the proportions of one, two, three. I put expan- 
sion joints not more than 40 ft. apart and have built walks miles 
and miles long, 5 ft. wide, with not a check in them. I have 
learned that freshly burnt cement will expand 100 per cent. more 
than old cement that has aged, and have seen cement that has 
expanded so as to burst the barrels. 

In regard to finishing, we never have any hair checks in our 
work. We make our top coat 2:3. I find that the cause of hair 
checks is dry cement and make the walk just as wet as possible 
so that the water will lie on the top. 

Mr. J. A. FowLer.—Last November I built quite an ex- 
pensive porch floor. It was accepted by an engineer who was 
an ex-commissioner of the county, the owner paid for the work 
and was well satisfied. A week later it had blisters an inch 
in size. Is there any way by which I can fix that floor? It was 
the first freeze of the season. 

Mr. ScHoucer.—The only way you can fix that is to tear it 
up and do it over. 

Mr. Joun P. ScnuyLer.—lIn regard to the filling under the 
walk I have almost made up my mind that it is not necessary, at 
least to the extent most people claim. As a rule all government 
or state specifications for flag walks call for a filling or what is 
termed a cushion. I suppose it is in order to eliminate the 
different kinds of soil and material that are under the walk and 
to have a layer of one kind of material. Then if it freezes all 
points will rise the same and when the frost goes the walk will 
settle evenly. That is the only reason, I think, for filling under 


A Member. 


Mr. Fowler. 


Mr. Schouler. 


Mr. Schuyler. 








Mr. Schuyler. 


Mr. Schouler. 


Mr. Schuyler. 


390 DiscussION ON SIDEWALKS. 


the walk, and I or 2 ins. is sufficient. If there is clay in one 
place and stone or loam in another, it will not all freeze and 
heave alike, consequently it will not settle alike when the frost 
goes out. For that reason I[ think a little filling is good. 

In regard to the top of walks, I have not heard anyone say 
whether they used an edge that was straight or whether they 
used one that was oval and gave the walk a crown. For the last 
two years I have made all of my walks crowning. Where the 
mixture is not strictly uniform some spots will be a trifle softer 
than others and will settle, allowing little cups to form on the 
walk. By giving a 4 or 5 ft. walk a crown of 4% to % ins. this 
is prevented and the water will all run off, making the walk a 
great deal dryer and nicer. I find that people like the crowned 
walk a great deal better. Of course, there may not be more than 
1/32 of an inch of water on the walk, but it looks more and ladies 
will drag their skirts and get them wet. In cold weather the 
water will stand and freeze and the walk will become icy. In 
finishing I think it is better to float the walks which makes them 
not nearly so smooth as when troweled. In wet weather they are 
not as slippery and, of course, in cold weather the ice will accu- 
mulate anyway. 

Mr. ScHouter.—In regard to crowning walks, private walks 
running from a front stoop to the street with a little fall, it is 
wise to crown, but certainly not a street walk, where you are 
supposed to shed all the water into the gutter by giving the 
walk, as the revised specifications suggest, a grade 3 of an inch 
to the foot. You get the same fall in every foot. Formerly city 
engineers specified 1% in. to the foot. Since cement walks have 
come into use they have modified it to 34 ins., but you certainly 
ought not to crown any street walks. 

Mr. ScHuyter.—In the same case as Mr. Schouler states, 
I leave the outside of my walk about 34 of an inch lower than 
the inside. Take a 4, 4% or 5 ft. walk, I will use a straight 
edge 6 ft. long and give ™% in. crown to the 6 ft. The cement 
becomes more compact by using a tool to make the edge oval 
than it does in the center. It is more liable to be hollow in the 
center when you use a straight edge, without the greatest caution. 
It will settle a little and still give you an oval in the walk as well 
as the slant that the engineer calls for. 
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Mr. Capweti.—I believe in lots of water in concrete for 
the top coat. We float our top coat on sidewalks as a batter. 
I do not like to finish it too soon. The chances are if this 
surface is finished while the water is there, it will rise to the top, 
collect in pools under which the cement will sink, making it 
denser under that thin scale than in any other place. However, 
if after placing and striking off, the top coat is too wet to be 
properly troweled or floated, it is better to wait. I have delayed 
this operation till twelve or one o'clock at night to avoid finishing 
too soon. I know positively that the bringing up of puddles on 
the surface results in soft spots that will wear off and appear 
rough. The surface itself, no matter how hard the concrete, will 
absorb some moisture, especially if it is a rough surface, because 
the aggregate will absorb a certain amount of moisture. On the 
other hand, the concrete will absorb a certain amount of moisture 
and will take enough from the top coat to prevent an excess of 
water appearing and you get a better surface. We have had to 
go over these spots before they were too hard and take the cement 
off and float or trowel it again. 

If there is quicksand in your top coat it will rise to the 
surface and eventually wear off. I had a long strip of walk to 
build and took the sand from a beach. In a day or so the walk 
began to wear off in spots, and I took some of the finest of that 
particular sand and made sample mortars. I could see in trowel- 
ing that it would curl up right behind the trowel, and by watching 
it very closely on the work the finest particles of the sand 
could be noticed coming to the top. This showed that the quick- 
sand comes to the top and it certainly will wear off. 

The placing of a top surface on the base must be done in a 
business-like manner. I have taken walks with a hard surface 
and put a top surface on them not more than a quarter of an 
inch thick. In one case the top has been on for the last fifteen 
or sixteen years and I know it is in perfect condition to-day. 
But we have to be careful in doing it. Now in regard to placing 
the top on a walk that has been laid the day before. It is a bad 
thing to leave a walk unfinished over night or over Sunday 
except in the fall, when it is sometimes possible to satisfactorily 
finish such work. I cannot recall a walk I have laid in recent 
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years that was scaied, and when a walk gets in that condition I 
sweep off everything loose and make a thin grout, going over 
the concrete just prior to placing the top coat. However, not 
so far in advance that it will dry out before placing the top, 
which should be quite thin. 

The bulging of walks seems to me to be the worst difficulty. 
It is not always due to lack of bond between the top and bottom, 
as I have, in several cases, removed and replaced an inch of 
surface and it remained in perfect condition for years. In 
making joints we use an iron knife about eighteen inches long 
and one-quarter of an inch thick, fill the joint with sand and tamp 
lightly. 

A Memser.—I would like to ask why we have more expan- 
sion now than we did years ago? 

Mr. Capwe__.—Well, why is it? I know of a place where 
the sidewalk bulged up 9 ins. after it had been down fourteen 
years. 

Mr. CHARLES J. WeLcH.—I have been building sidewalks 
for about seven years and up to the last three years never thought 
much about expansion joints; just kept our joints clear. I never 
put in an expansion strip. About three years ago, the first joint 
I put in, not more than six months elapsed before the walk 
expanded far enough to burst the curb. We never had a bit of 
trouble with the walks put in before that. Since that time we 
have been putting in expansion joints every 50 feet and filing 
them with asphalt, and some of this bulged up, but not very much. 
On the other hand, a walk was laid six months ago, about 400 
feet long, without expansion joints and there has been no bulging 
of the walk. I laid 200 ft. of walk about three years ago, and 
now the blocks bulge in the center. I would like to ask for an 
explanation of someone experienced in this line. The street was 
paved with brick and the expansion of the sidewalk broke the 
concrete curb from the top of the gutter, the curb and gutter 
being monolithic. 

Mr. ScHouter.—I have had quite a little experience in 
laying solid walks from the building to the curb on streets paved 
with brick and asphalt. In two or three walks about which I was 
very particular, a crack would occur about 3 ft. back from the 
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curb, and it seemed as though at that point the walk was lifted Mr. Schouler, 
a little. The only way I can account for it is that the concrete 
underneath the brick pavement had pushed in the bottom of the 

curb, and the curb being part of the outside block had broken it 

in about the middle. The expansion of cement is less than one 

inch in 100 ft., and I cannot see how a walk Io or 12 or 15 ft. 

wide could push the curb out. I imagine it might be due to the 

brick or the concrete in the street, that it shoved in the bottom 

of the curb, and it necessarily had to come out at the top. 

Mr. CapweE.i_.—It is the narrow walk 4 or 5 ft. wide that Mr. Cadwell, 
shoves the curb off. A walk may be 1000 ft. long and if it will 
expand an inch in 100 ft., in 1000 ft. you have quite an expan- 
sion. We are not allowed to put a walk within I in. or 1% ins. 
of the curb on any end where there is paved street or curb. I 
have had lots of cases, I should say over a hundred, where the 
walk bulged. In building walks for the last seven or eight years, 
I have noticed that they will push and break the curb in the 
paved streets. I think the reason for having more trouble now 
is that we have longer extensions of walks. Cement has become 
so universal and every street is paved from curb to curb. No 
matter how long a street is, if there is no street intersection, it 
expands and it will burst the curb on each end. That is one 
reason why we leave the space, regardless of the length of the 
street. 


| 
| 
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Mr. Georce T. Graves.—In Kentucky we have never had Mr. Graves. 
any trouble with cutting joints; we put in a batch of concrete 
and place the top and then cut 4 ft. blocks. When stopping at 
night we leave a square joint to which we connect the next day 
as neatly as possible. In course of time the joint blocks will 
raise 4 in. and there is a buckle in the walk showing the end of 
a day’s work. 
Under the walk we put 6 or 8 ins. of cinders, 3 ins. of con- 
crete and 1 in. of top; mix of top 1:1% or 2. The temperature 
ranges from 70 to 90 degrees in summer. But I find the same 
trouble in all seasons, down to within 40 degrees, from 40 to 90 
degrees. 
Mr. F. S. Purpps.—In building walks in Missouri I always Mr. Phipps. 
use the iron division plate. The plates are % in. thick and 4 ins. 
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wide. I put down a 2x4 on the outside, and then place the 
division plate level with the 2x4. After the top is put in and 
troweled once, we remove the division plates, which leaves a 
% in, joint. In making a 4 ft. walk I make my blocks 4 ft. 
square, a 5 ft. walk, 5 ft. square. I have never had any trouble 
with the breaking of curbs or buckling of the walks. 

Mr. ScHoucer.—I would like to ask if anyone has had 
experience in laying sidewalks with a concrete mixer. 

Mr. CapweLit.—I have used a batch mixer for seven years. 
I have put down as high as $70,000 worth of sidewalks in a 
season and would not go back to hand mixing for any considera- 
tion. I do not see why we should go back to the hand mixing, 
as it would be taking a step backward, because we can put in 
5,000 ft. a day with a good mixer and sixteen men. 

Mr. CHANDLER.—I have had experience both ways, but can- 
not lay 1,400 sq. ft. a day with a mixer. The most I have ever 
done with three men and a mixer is 1,250 ft., when the boys were 
working on a little extra pay to get through Saturday night. I 
had occasion to remove some hand mixed blocks and also machine 
mixed; and you could readily see a difference, although I am 
very, very particular in hand mixing. I use a batch mixer and it 
saves me a lot of money. 

Mr. CapweE_u.—In regard to walks and their cracking, what 
would make a walk crack within twenty-four hours after it was 
finished, open up cracks into which you could stick a knife? I 
cannot give any reason other than poor cement. It just cracks 
once in a while and you might have to take one or two blocks 
out. I do not think I ever had over two blocks where the 
cracking occurred inside of an hour after the walk was finished. 

Mr. R. G. Busu.—Regarding the cracking of green cement, 
I believe it lies in the contraction. I have never had any trouble 
with the expanding of cement, but I have in the contraction of 
green cement. An inferior quality of cement expands on account 
of improper calcination. This is borne out by the case in which 
the cement kept in barrels swelled so as to burst the hoops. All 
cement and concrete work contracts when it is green. 

Mr. Georce C. Prince.—Often it is necessary to leave con- 
crete and you cannot continue the work by reason of rain, etc., 
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for perhaps two or three days. I always carry paper to cover it Mr. Prince, 
so as to keep the dust and dirt that are continually blowing over, 
from lodging on the concrete. I believe one very important point 
is to keep the concrete clean. Do not let your men walk on the 
concrete. There is always a lot of loose dirt and if we keep it 
off there will be less trouble. 
I have obtained very good results from laying sidewalks in 
one operation. I use joints the same as in putting down two 
coat work. The metal plates are placed every 4 or 5 ft., the 
width of the walk, and the top and bottom coat are put down at 
one operation, using a wet mixture with the same amount of sand 
in the concrete as is used for the top coat. The saving in labor 
is about 20 per cent. 
Mr. Georce W. WIinsuip.—My method of making side- Mr, Winship. 
walks is to tamp the under coat with sufficient moisture to rise 
to the top. Then the top coat is spread on the wet concrete 
immediately. 
Mr. S. B. MAcAFEE.—We have always built our walks with Mr, Macafee, 
a dry top and tamped the top surface thoroughly, then cut it off 
with a straight edge and float finish. 
Mr. ScHouLer.—Do you not have to put in % in. more dry Mr, Schouler. 
than wet material? 
Mr. MacaFree.—The loose material tamps down about 30 Mr. Macafee. 
per cent., but as the concrete base has previously been tamped 
solid, we do not lose any of the top in that. There cannot be 
any more tamped top material used than when the top is put on 
wet and the water depended upon to compact the mass, as there 
is only the same amount of space to be filled either way. Our 
records of quantities of material used, which have been carefully 
kept for a number of years, show this very conclusively. We 
usually rod it two or three times. We have found that the time 
spent for the extra rodding is more than compensated for by the 
gain in time and labor required for the finishing. As soon as it 
is rodded the finisher floats it and finishes the edges and joints. 
Mr. O. U. Mrracie.—I would like to ask whether the mem- mr. Miracle. 
bers cover their walks as soon as the top coat is set sufficiently, 
either with sand or sawdust, to protect them from the hot sun. 
Mr. ScuuyLer.—I cover the walks with pine board covers Mr. Schuyler. 
made of matched lumber. The covers are wider than the walk 
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and 10 or 12 ft. long. A walk will sweat in the hottest days in 
summer when covered in this way and the sweating of a walk is 
the best manner of hardening it. I keep the covers on the walk 
from 48 to 72 hours when I can, in sun and rain both. 

Mr. WIsELOGEL.—A party desired me to put down a side- 
walk, making it slush, not tamping it at all, and when it was 
sufficiently set or enough water had evaporated, to put on the 
top. I did not think the walk would be good, but it was. Now 
in building a driveway or in covering any place where there is 
heavy teaming, I put the concrete down slush and give it a float 
finish, which always sets well. I think it is advisable to cover a 
walk during the hot sun. 

Mr. Joun R. ZEIsER (by letter).—In the interest of better 
sidewalk construction, I desire to call attention to the fact that 
in my opinion the present proposed Standard Specifications prac- 
tically ignored proper provision for expansion and contraction. 
This is one of the most important precautions in successful side- 
walk construction and one to be thoroughly and carefully pro- 
vided for in the specifications. A great many men do not realize 
the importance of this, and there are more sidewalks ruined 
due to negligence or carelessness, in this respect, on the part of 
workmen than from any other cause. 

In the early history of cement sidewalk construction, there 
was little attention paid to expansion and contraction. Side- 
walks were laid in continuous sheets, the larger the better. The 
results were far from satisfactory and the blame was laid on the 
material instead of on the method of handling the same. By 
slow degrees it was discovered that better results were obtained 
by dividing walks, at intervals, into blocks or slabs. These 
divisions were not cut clear through to the bottom of the work, 
but from % to 1 in. deep, the thought being that the walk would 
crack anyway and the cut being the weakest part, the crack 
would occur there and it would not show. This, of course, was 
an improvement, but the cracks did not always occur where they 
were expected. 

At the present time it is agreed that there is a certain 
amount of expansion and contraction in concrete and that some 
measures must be taken to provide for this to insure good re- 
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sults; particularly so in sidewalk construction, owing to its con- Mr. Zeiser. 
spicuous nature. There are employed at the present various 
methods to accomplish this purpose, and I will endeavor to 

analyze some of them. 

One is the sand joint. This is made by cutting through the 
base to the bottom, on a line with the proposed expansion joint, 
with an axe or a tool especially made for the purpose. This cut 
is then filled with sand and a top dressing spread over it, which 
is cut through to the sand. This is not a very reliable method 
and has a great many objectionable features. In the first place 
the driving of the axe or whatever tool is used down through 
the concrete after same has been placed, tamped and is partially 
set, is bad as it has a tendency to shatter and thus weaken the 
edges of the slabs. It is also impossible to make this cut less 
than from % to 1 in. wide at the top. The cut through the 
top dressing down to the sand is bound to be much narrower 
than the sanded cut. It will consequently leave an overhanging 
lip of top dressing with nothing under it but sand, making a very 
weak point which is liable to split off in time. There is also 
danger of a careless workman leaving more or less sand on the 
concrete at the edges of the cut, in filling the same, which will 
make a joint between the concrete and top dressing, leaving this 
point still weaker. Again there is also the danger of workmen 
not always making the cut through the top dressing directly 
over the cut in the concrete, which will cause trouble. 

The specifications adopted by the Association in 1908 pro- 
vide for slabs to be divided clear through at intervals of not 
more than 6 ft. They also provide for butting the slabs tight 
up against each other and then allowing not less than % in. to 
every 50 lin. ft. in one joint for expansion, which was to be filled 
up after the walk had set. 

Now there is also some objection to this method. First, in 
constructing the work in a continuous operation, the first slab 
has very little time, if any, before the next one is laid against 
it and there is nothing to prevent tamping the walls of the first 
slab in doing this, so that they will bind. So in the case of any 

adjustment of foundation, instead of each slab having only its 
own weight to carry, it is liable to have jthe weight of two or 
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three slabs hanging to it, and then something is going to break. 
Again, if we have a cross joint every 6 ft., where is the philosophy 
in building 50 ft. before we provide for expansion, and then 
make the joint so large that we have to fill it up again. If we 
were going to build a railroad we would not butt the rails tight 
together for a half mile or so and then make an allowance for 
expansion, counting on transmitting all the expansion to this 
point. We would make proper provision at every joint. Why 
not apply the same principles to sidewalk construction? 

Another method is to work in a continuous operation, mak- 
ing every joint an expansion joint and making them small enough 
so as not to be conspicuous, leaving a joint of not less than \% in. 
nor more than ™% in. wide, cut clear through to the bottom of 
the concrete, with the walls even and true. This is done by using 
metal parting strips of proper length and width. They are left 
in place until the top dressing is ready to finish off, when they 
are withdrawn, and a jointing tool is run through the space that 
is left, thus making a neat job. By doing this, it is absolutely 
certain that every slab is entirely loose and independent, having 
only its own weight to carry, plenty of room for expansion, and 
no danger of breaking. 
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Mr. E. V. N. Heermance.—Last October, I visited the 
city of Gary, Ind., for the express purpose of inspecting the 
various kinds of concrete work which had been done at that 
place during the last two years. Gary is the town which has 
been built by the United States Steel Corporation to furnish an 
up-to-date dwelling place for its thousands of employees in the 
new $25,000,000 steel plant directly adjoining the town. 

Concrete has apparently been used in every manner known 
to the present state of the art, but the concrete roadway was to 
me very interesting and instructive. The main street, which is 
200 ft. wide, is over a mile in length from the gateway of the 
steel plant southward, and can be extended practically indefi- 
nitely. A double line of trolley tracks, with center pole construc- 
tion, runs through the middle of this thoroughfare, and the 
electric lights used for street illumination are erected on top of 
the poles. The sidewalks from building line to curb are 20 ft. in 
width, and excellent specimens of concrete pavement. 

The roadway extends from said curb to the line of trolley 
tracks. This roadway was constructed of concrete 5% ins. 
thick with a top dressing 1% ins. thick, making a total of 7 ins. 
The concrete was composed of one part Portland cement, 3 parts 
sand, and 4 parts crushed stone. The greatest care was used 
in the selection of the aggregate. The materials were mixed by 
machinery, and the concrete was thoroughly and uniformly 
tamped at all points. Expansion joints were laid every 50 ft. 
from curb to side of trolley tracks, and also parallel with the 
curb. The top finish was blocked off 4% x9 ins., and the effect 
was that of first-class paving blocks. 

I studied the roadway very carefully where it had been in 
use the longest, and the wear on it was barely perceptible. 

Mr. W. F. Wisecocet.—I have had no experience with 
concrete roads, but have built alleys with just one kind of mortar, 
mixed 1-2-3. This was placed 8 ins. thick and simply left under 
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a float. No grooves were cut, but an expansion joint 1 in. wide 
was left every 50 ft., which was filled with tar, pitch or asphalt. 
No top coat was put on and the roadway has worn very well. 

Mr. W. P. Anperson.—The only experience I have had in 
concrete roads is in driveways over reinforced concrete. The 
thing I want to speak about is the consistency of the wearing 
surface. It seems to me that a 1-2-3 mixture is a little weak 
for a wearing surface. If you put a 1-2 mixture on sidewalks, 
I should think there ought to be as strong a wearing surface 
for a street as for a sidewalk. 

Mr. W. W. ScHouter.—I have always understood that the 
coarse aggregates do not weaken the concrete to any appreciable 
amount. The cement and sand fill the voids of the coarse ag- 
gregates. 

We eliminate expansion joints at right angles to the curb, 
expecting the road to crack at certain points periodically, per- 
haps every 40 ft. A board is placed on top of the concrete base 
next to the curb, an inch thick and as high as the wearing sur- 
face, to be taken out at completion of the work and filled with 
No. 4 paving pitch. I think this is quite necessary, especially 
next to the curb. A simple crack will not have the same ten- 
dency to wear hollow as a joint. The No. 4 pitch responds 
readily to the changes in temperature, becomes soft in sum- 
mertime and slides and runs to the gutter and works out. It 
has occurred to me that a simple contraction joint would not 
damage the pavement as much as a joint large enough for pitch. 

Mr. H. F. Porrer.—I think it is perfectly safe to use a 
mixture as low as I-2-4 in a pavement, provided it is placed wet 
and is well compacted. Such a mixture when tamped, which 
action brings the mortar to the surface, has practically a 1-2 
surface. Why do we use I or 2 ins. of top coat? Chiefly be- 
cause it is not usually expedient to lay the surface at the same 
time as the base and have it smooth and level. Therefore, the 
two operations have become separated. If it be practical to do 
both at once, then there is no valid reason why not as good if not 
a better wearing surface can be given the concrete mixture direct. 
This has been done successfully in a number of instances and there 
is no reason why it should not succeed in road construction. 

















REPORT OF THE COMMITTEE ON 
INSURANCE, LAWS AND ORDINANCES. 


By W. H. Ham, Chairman. 


ae 


The Committee has divided its work in two parts, one per- 
taining to the question of the rates of insurance on concrete and 
cement block structures and the other to Standard Building Regu- 
lations for Reinforced Concrete Construction. 





Part I—INSURANCE.* 


Your Committee has given a great deal of time and careful 
study to the question of insurance rates and the report herein 
presented is preliminary in its character, since the work which the 
Committee has undertaken is not complete and probably will not 
be for some little time. 

After careful consideration, it appeared to the Committee 
that it would be highly desirable to collect for the information 
of the members of this Association reports of insurance on vari- 
ous types of buildings in which reinforced concrete was used 
largely in their construction. The object of this was to acquaint 
the members of the rates that were to be obtained on various 
classes of buildings, thus enabling them, through this knowledge 
to secure proper rates of insurance for their particular type of 
building. For this reason a circular letter and information 
blank were sent out to as many owners of concrete buildings as 
could be obtained (approximately 700), with a request that they fill 
in the blank and return to the Association at the earliest possible 
moment ; to this request, approximately 150 replies were received, 
the object being to collate the information thus obtained and pub- 
lish it in its collated form, the individual contributors being 
assured that the information obtained would not be published, 
but would be held as confidential. 

For the convenience of reference, the various types of build- 
ings have been classified as will be seen in Table I. The ordinates 





*Discussion on Insurance, p. 450. 
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of this table are the rates of insurance per $100 and run from 
0 to $4.00. There are in many cases two rates for each type of 
building—the upper rate being for the building and the lower 
rate for the contents. It is fully realized that so many conditions 
affect rates of insurance that it would be impossible to set an 
accurate average rate for each type of building, for the reason 
that rates of insurance on buildings are generally dependent 


First, on the height and area of the building. 

Second, on the surroundings. 

Third, on the character of protection of exposed openings. 
Fourth, on the facilities for fighting a fire. 

Fifth, on the contents. 


The Annual Report of the National Board of Fire Under- 
writers for the Year 1907, shows that the average rate of insur- 
ance for the year on all classes of buildings amounts to $1.15. 
The average rate of insurance on various types of construction, 
is placed on the diagram for the purpose of comparison. The 
average rate on the concrete buildings is less than four-tenths of 
one per cent. All except two buildings have rates less than the 
average rate given by the Fire Underwriters for all classes of 
buildings for the year 1907. Of these rates you will note from 
the explanation given in Table I, that one was for a build- 
ing in San Francisco, a city which is composed largely of frame 
structures, while the other is for a frame building partly replaced 
by reinforced concrete having a $4.00 rate on the frame portion. 
Your attention is also directed to the fact that some owners find it 
inexpedient te carry insurance of any kind. One company in 
particular, who could only obtain a very excessive rate of insur- 
ance on the contents of their building, found it desirable to carry 
their own insurance since the annual premiums they would have 
to pay on the contents, capitalized, would in time afford them 
protection from possible fire; they did not deem it necessary to 
insure the building itself. 

Many of the rates on buildings quoted are unnecessarily 
high, the rates being influenced by the character of the surround- 
ings. For example, one of the rates cited was for a building in 
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which a reinforced concrete structure had replaced a portion of 
a frame building, which carried an original rate of $4.00. By 
reason of this frame building adjoining the reinforced concrete 
structure without a fire-wall between, the rate on which remained 
the same—namely $4.00—the insurance company would only issue 
a rate of $1.25, whereas if the entire structure had been of re- 
inforced concrete, the rate would have been considerably under 
$1.00. 

The Committee has also been impressed by the fact that 
rates of insurance differ in different parts of the country, and in 
order to facilitate the study of insurance rates they have deemed 
it desirable to divide the country into certain insurance districts. 
These districts have been arbitrarily fixed by the Committee, and 
in Table III will be found the names of the various insurance 
bureaus included in each district. These districts seem to 
logically follow the replies to letters addressed to the various 
rate-making organizations. Inasmuch as rates were received 
on a few of the various types of buildings in all the districts only, 
Table II was prepared to show the comparative rates for 
these classes of buildings in various parts of the country. By 
referring to Table I, the relative rates of insurance for 
different types of buildings all over the country can be seen, and 
in this way, indirectly, the possible rates on other types of 
buildings for the various districts not covered can be obtained. It 
is interesting to note that the requirements of the insurance 
companies are less stringent for reinforced concrete than for 
buildings of inflammable construction when the fire extinguish- 
ing equipment is considered, for instance the number of sprinklers 
in a first-class concrete building can be reduced from that required 
for other classes, as also the quantity of water required for sprink- 
ler purposes can be reduced. 

The Committee has only begun its work and would appre- 
ciate any suggestions that will aid it in its work. It is hoped that 
the data this way collected will be of immeasurable value to the 
members of this Association, and the members are particularly 
requested to communicate with the Association, Harrison Build- 
ing, Philadelphia, sending them the names of any concrete build- 
ing, and the name of the owner, which they know of in their 
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city, so that, if letters have not already been addressed to the 
owner, a letter may be sent in order to secure the rate of insurance 
on these buildings. In this way the record can be made com- 
plete. 


EXPLANATION OF TABLES. 


Taste I. 
In Table I, the rate opposite the letter “B” of each class of building 


is the rate on the building; that opposite “C” on the contents. In many 
instances only one rate was obtained. 


Taste II. 


Heavy Manufacturing Buildings: 

From this table it will be seen that the minimum rate on heavy manu- 
facturing buildings is .12 per cent., being in Districts Nos. 2 and 5, the 
maximum being 1.1 per cent. in District No. 6. The average is .357 per 
cent, 


Light Manufacturing Buildings: 

The minimum rate on this class of buildings is .1 per cent., being in 
District No. 2; the maximum is I per cent. in the same district. The 
average is .525 per cent. 


Office Buildings: 

The minimum rate on this class of buildings is .2 per cent., being in 
District No. 1; the maximum is 1.2, being in District No. 6. The average 
is .54 per cent. 


Warehouses: 

The minimum rate on this class of buildings is .1 per cent., being in 
District No. 2; the maximum is .85 per cent in District No. 5. The average 
is .245 per cent. 


Taste III. 
Map of the United States, indicating districts covered by the several 
rate-making boards. 


District No. I: 
Boston Board of Fire Underwriters, 55 Kilby St., Boston, Mass. 
Insurance Association of Providence, Wilcox Bldg., Providence, R. I. 
New Hampshire Board of Fire Underwriters, Concord, N. H. 
State Associated Mill Mutuals, 31 Milk St., Boston, Mass. 
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District No. 2: 
Underwriters’ Association of New York State, Onandaga County 
Savings Bank Building, Syracuse, N. Y. 
New York Fire Insurance Exchange, 32 Nassau St., New York, N. Y. 
New York Board of Fire Underwriters, 32 Nassau St., New York, 
a € 


Suburban Fire Insurance Exchange, 32 Nassau St., New York, N. Y. 
Buffalo Association of Fire Underwriters, 97 Dun Bldg., Buffalo, N. Y. 


Underwriters’ Association of the Middle Department, 316 Walnut St., 
Philadelphia, Pa. 


Philadelphia Fire Underwriters’ Association, 135 S. 4th St., Phila- 
delphia, Pa. 

Philadelphia Suburban Underwriters’ Association, 331 Walnut St., 
Philadelphia, Pa. 

Board of Fire Underwriters of Allegheny County, Commonwealth 
Building, Pittsburg, Pa. 


Association of Fire Underwriters of Baltimore City, 8 and to South 
Street, Baltimore, Md. 
District No. 3: 
Board of Underwriters of Chicago, 159 LaSalle St., Chicago, IIl. 
Milwaukee Board of Fire Underwriters, Mitchell Bldg., Milwaukee. 
The Union, 125 Monroe St., Chicago, III. 
District No. 4: 
Southeastern Underwriters’ Association, Equitable Bldg., Atlanta, Ga. 
Louisiana Fire Prevention Bureau, Hibernia Bldg., New Orleans, La. 
District No. 5: 


Texas Fire Prevention Association, Wilson Building, Dallas, Tex. 
District No. 6: 
Board of Fire Underwriters of the Pacific, Merchants’ Exchange Bldg., 
San Francisco, Cal. 
AVERAGES. 


The averages on the several classes of buildings, irrespective of dis- 
tricts, are as follows: 
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Part Il—SucGcestep STANDARD BUILDING REGULATIONS FOR THE 
Use or REINFORCED CONCRETE.* 


The term “Reinforced Concrete” shall be understood to mean 
an approved concrete which has been reinforced by metal in some 
form, so as to develop the compressive strength of the concrete. 

Reinforced concrete may be used for all classes of buildings 
if the design is in accordance with good engineering practice and 
stresses are figured as indicated in these regulations: 

Before permission is granted by the Building Department to 
erect any reinforced concrete building, complete plans, accom- 
panied by specifications, static computations and descriptions 
showing the general arrangement and all details, signed by the 
engineer and architect, must be filed with the Building Department 
and remain on file for public inspection until the building is com- 
pleted. 

The static computations shall give the loads assumed sepa- 
rately, such as dead and live loads, wind and impact, if any, and 
the resulting stresses. 

The specifications shall state the qualities of the materials to 
be used for making the concrete, and the proportions in which 
they are to be mixed. 

Upon the completion of the building the engineer and archi- 
tect shall issue, under the approval of the Building Department, 
signed certificates, to be posted on each floor of the building, 
stating the safe carrying capacity per square foot. 


MATERIALS. 


Only Portland cement shall be used in reinforced concrete 
structures. 

Portland cement shall meet the requirements of the Standard 
Specifications for Cement of the American Society for Testing 
Materials, adopted August 15, 1908. 

(See Standard No. 1 of the National Association of Cement 
Users. ) 

Tests of cement used in building operations shall be made 
from time to time under the supervision of the Building Depart- 





* These Regulations were revised at the Convention as given on pp. 438-449.—Eb. 
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ment in accordance with the preceding specifications. No brand 
of cement, which has not met these requirements, shall be used. 


AGGREGATES. 


Extreme care shall be exercised in selecting the aggregate 
for mortar and concrete, and careful tests must be made, where 
any doubt exists, of the materials for the purpose of determining 
their qualities and the grading necessary to secure. maximum 
density or a minimum percentage of voids. 

The fine aggregate shall consist of sand, crushed stone or 
gravel screenings, passing when dry a screen having one-quarter 
inch diameter holes, and not more than 6 per cent. passing a 
sieve having 100 meshes per lineal inch. 

It shall be of clean, silicious material free from vegetable 
loam or other deleterious matter. 

The coarse aggregate shall consist of inert material such as 
crushed stone, or gravel, which is retained on a screen having one- 
quarter inch diameter holes, the particles shall be clean, hard, 
durable, and free from all deleterious material. The maximum 
size of the coarse aggregate shall be such that it will not separate 
from the mortar in laying and will not prevent the concrete fully 
surrounding the reinforcement or filling all parts of the forms. 

The maximum size for reinforced concrete work shall be 
such that all the aggregate shall pass a one-inch diameter ring. 

Cinder concrete shall not be used for reinforced concrete 
structures ; it may be used for fireproofing. 

Where cinders are used as the coarse aggregate they shall be 
composed of hard, clean, vitreous clinker, free from sulphides, 
unburned coal or ashes. 

All reinforcement for concrete shall conform to the require- 
ments of the specifications adopted by the American Railway 
Engineering and Maintenance of Way Association in March, 
1906, for Structural Steel. 

Where wire or rods up to % in. diameter are used for re- 
inforcement of slabs or for the prevention of shrinkage cracks, 
either material manufactured from the Bessemer billet (not re- 
rolled rails) or drawn from basic open hearth steel may be used. 
The working stress allowed, however, shall not exceed units 
given in these regulations, viz., 16,000 Ibs. in tension 


Fine Aggregate. 
Size. 


Coarse Aggregate. 
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The ingredients of concrete shall be thoroughly mixed to 
the desired consistency, and the mixing shall continue until the 
cement is uniformly distributed and the mass is uniform in color 
and homogeneous. 

Methods of measurement of the proportions of the various 
ingredients, including the water, shall be used, which will secure 
separate uniform measurements at all times. 

When the conditions will permit, a machine mixer of A type 
which insures the proper proportioning of the materials through- 
out the mass shall be used. 

When it is necessary to mix by hand, the mixing shall be on 
a water-tight platform, and special precautions must be taken to 
turn the materials until they are homogeneous in appearance and 
color. 

The materials must be mixed wet enough to produce a con- 
crete of such a consistency as will flow into the forms and about 
the metal reinforcement, and which, on the other hand, can be 
conveyed from the mixer to the forms without separation of the 
coarse aggregate from the mortar. 

Retempering mortar or concrete, i. e., remixing with water 
after it has partially set, shall not be permitted. 

Concrete after the addition of water to the mix shall be 
handled rapidly, and in as small masses as is practicable, from 
the place of mixing to the place of final deposit, and under no 
circumstances shall concrete be used that has partially set before 
final placing. 

The concrete shall be deposited in such a manner as will 
permit the most thorough compacting, such as can be obtained by 
working with a straight shovel or slicing tool kept moving up 
and down until all the ingredients have settled in their proper 
place by gravity and the surplus water forced to the surface. 

Before placing the concrete care shall be taken to see that 
the forms are substantial and thoroughly wetted and the space to 
be occupied by the concrete free from debris. When the placing 
of the concrete is suspended, all necessary grooves for joining 
future work shall be made before the concrete has had time to set. 

When work is resumed, concrete previously placed shall be 
roughened, thoroughly cleansed of foreign material and laitance, 
drenched and slushed with a mortar consisting of one part Port- 
land cement and not more than two parts fine aggregate. 
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The faces of concrete exposed to premature drying shall be 
kept wet for a period of at least seven days. 

Concrete shall not be mixed or deposited at a freezing tem- 
perature, unless special precautions are taken to avoid the use of 
materials containing frost or covered with ice crystals, and to 
provide means to prevent the concrete from freezing after being 
placed in position and until it has thoroughly hardened. 

The reinforcement shall be accurately located in the forms 
and secured against displacement. 


Joints. 


Wherever it is necessary to splice reinforcement, that is, in 
tension, by means of lapping, the length of the lap shall be deter- 
mined upon the basis of the safe bond stress and the stress in 
the bar at the point of splice; or a connection shall be made 
between the bars of sufficient strength to carry the stress. Splices 
at the point of maximum stress must be avoided. 

In columns large bars (bars whose areas exceed 1% in. 
round) shall be properly butted and spliced. Smaller bars than 
above may be treated as indicated for tension reinforcement. 

(a) Reinforced concrete work shall be stopped at such points 
that the joints will have the least possible effect on the strength 
of the structure. Footings shall be cast at one operation. 

(b) Work in columns shall be stopped at the underside of 
the lowest beam or girder bearing on the column. 

(c) Joints in beams and girders shall be vertical and within 
the middle third of the span. Any concrete which may run past 
the bulkheads must be cleaned up before the concreting of the 
next section is started. ' 

Where brackets are used, the bracket shall be considered as 
a part of the beam or girder. 

(d) Joints in slabs shall be near the center of the span. No 
joint will be allowed between slab and beam or girder. 

Reinforcement in columns and girders shall be protected by 
a minimum of two inches of concrete. Reinforcement in beams 
by one and one-half inches and floor slabs by one inch. 


Freezing 
Weather. 
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Reinforcement. 
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GENERAL ASSUMPTIONS. 


The dead load shall include the weight of the structure and 
all fixed loads and forces. 

The live load shall include all loads and forces which are 
variable. 

A factor of safety of four shall be used for the live and the 
dead loads. The minimum live load on any floor shall be 50 
pounds per square foot. Minimum live load on roofs shall be 
30 pounds per square foot. 

The weight of the reinforced concrete shall be taken as 150 
pounds per cubic foot. 

No reduction of loads shall be allowed for figuring floor 
slabs. 

No reduction of loads shall be allowed for figuring beams. 

A reduction of 15 per cent. live load shall be allowed in 
figuring the girders, except in buildings used for storage purposes. 

The roof shall be figured to carry 30 pounds live load per 
square foot unless otherwise noted. 

A reduction of live load coming to the column supporting 
the floor below the roof of 5 per cent. to be allowed and further 
reduction of 5 per cent. of the live load of each story below until 
the total reduction shall amount to 50 per cent. of the live load of 
any floor, after which all loads shall be figured net to the founda- 
tions, but no live load less than 50 pounds per square foot, includ- 
ing reduction, shall be allowed. 

In assuming the load coming to the columns all beams and 
girders shall be considered as carrying a net load consisting of 
100 per cent. each of the live and dead load, subject to the above 
reductions. 

The span length for beams and slabs shall be taken as the 
distance from center to center of supports, but shall not be taken 
to exceed the clear span plus the depth of beam or slab. Brackets 
shall not be considered as reducing the clear span. 

Length of column shall be taken as the maximum unsup- 
ported length. 

Where slabs and beams are figured as simple beams the 
length shall be considered as the clear distance between supports 
excluding brackets. 
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As a basis for calculations for the strength of reinforced Internal Stresses. 
concrete construction, the following assumptions shall be made: 

1. A plane section before bending remains plane after 
bending. 

2. The modulus of elasticity of concrete in compression 
within the usual limits of working stresses is constant. 

3. In calculating the moment of resistance of beams the 
tensile stresses in the concrete shall be neglected. 

4. Perfect adhesion is assumed between concrete and rein- 
forcement. Under compressive stresses the two materials are 
therefore stresses in proportion to their moduli of elasticity and 
their distance from the neutral axis. 

5. The ratio of the modulus of elasticity of steel to the 
modulus of elasticity of concrete shall be assumed to be 15. 

6. Initial stress in the reinforcement due to contraction or 
expansion in the concrete may be neglected. 


The ratio of least diameter to height shall be taken as one- Ratio of Least 


fifteenth. Height 7 
Greater ratios shall be reduced by satisfactory column 


formule. 


BENDING MOMENTS. 


The bending moment of slabs supported at two sides only Siabs Reinforced 
shall be 1/8 W. L. in Oup Dingete: 
For interior slabs overhanging two or more supports the Bending Moment, 
bending moment shall be 1/12 W. L. The reinforcement.at the a 
g mome a 
top of the slab over supports must equal half that used at the 
center. 

Slabs that are supported on four sides and reinforced in both Bending Moment 
directions and having half of each line of reinforcement raised Supported on all 
to the top of the slab over supports and passing into the adjoining an ane 
slabs on at least three sides may be figured on the basis of bending Two Directions. 
moments equivalent to 1/12 W. L. for load in each direction, the 
distribution of the loads to be determined by the formula: 

bé 
D+ 


in which r equals proportion of load carried by the transverse 
reinforcement, L equals length, and b equals breadth of slab. 
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If the length of the slab exceeds 1.5 times its width the entire 
load shall be carried by transverse reinforcement. Slabs whose 
length is 1.5 times its width or less, shall be reinforced in both 
directions. 

Where the slabs are not continuous over the beams on at 
least three sides as in the corners of a building unless diagonal 
beams are used at the corner, the bending moment shall not be 
figured less than 1/16 W. L. or 1/8 W. L. in each direction. 

The bending moment of beams supported at the ends only 
shall be figured 1/8 W. L. where “W” equals the total load and 
“L” equals the clear span. Beams supported at one end and 
continuous at the other to be figured partially restrained with a 
center bending moment of 1/10 W. L. 

Beams supporting reetangular slabs reinforced in both direc- 
tions shall be figured to have a bending moment varying as the 
ordinates of the two triangles whose common base is the beam 
length and sides formed by the diagonals of the panels. 

When beams or girders are continuous over two or more 
supports, the interior beams may be considered as partially 
restrained, and the bending moments at the center and support 
figured 1/12 W. L. unless the concrete at the bottom of the beam 
at the support shall by this consideration receive excess com- 
pression. 

In beam and slab construction, an effective metallic bond 
should be provided at the junction of the beam and slab. When 
the principal slab reinforcement is parallel to the beam, transverse 
reinforcement should be used extending over the beam and well 
into the slab. 

Where adequate bond between slab and web of beam is pro- 
vided, the slab may be considered as an integral part of the beam, 
but its effective width, 7. ¢., its overhanging width on either side 
of the web, shall not exceed six times the thickness of the slab. 

In the design of tee beams acting as continuous beams, due 
consideration should be given to the compressive stresses at the 
support on the bottom of the beam. 


WorKING STRESSES. 


Concrete composed of materials meeting the requirements of 
these regulations, mixed in proportion of one part of cement 
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and six parts of aggregate (fine and coarse), shall develop a 
compressive strength of 2,000 pounds per square inch in 28 
days when tested in 8 ins. in diameter cylinders 16 ins. long under 
laboratory conditions of manufacture and storage, using the same 
consistency as is used in the field. When the proportion of 
cement is increased, using the best quality of aggregates, an 
increase may be made in all working stresses proportional to the 
increase in compressive strength at 28 days, but this increase 
shall not exceed 25 per cent. On this basis the following work- 
ing stresses shall be allowed in construction: 

Bearing compression, 650 pounds per square inch. 

Compression in extreme fiber, 650 pounds per square inch. 
With increase of 15 per cent., near supports in continuous beams. 

No allowance shall be made for tension in concrete. 

Axial compression in columns without hoops, 450 pounds 
per square inch. 


Axial compression in columns with 1 per cent. of hooping, 
540 pounds per square inch. 

Axial compression in columns with 1 per cent. hooping and 
I to 4 per cent. of vertical reinforcement, 650 pounds per square 
inch on the concrete and 9,750 on the vertical steel. (See hooped 
columns. ) 


Columns reinforced with structural steel thoroughly encased 


in concrete, 650 pounds per square inch on the concrete and 9,750 
pounds per square inch on the structural steel. 


Shear in concrete, 75 pounds per square inch. 

Diagonal tension in concrete, 75 pounds per square inch. 

3ond of concrete, 75 pounds per square inch. 

The ratio of modulus of elasticity of concrete to steel shail 
be considered as one to fifteen. 

The allowable tensile stress in steel reinforcement to be 
16,000 pounds per square inch. 


The compressive stress in the steel reinforcement to be fifteen 


times the allowed compression in concrete in which the steel is 
embedded. ° 


Bearing 
Compression 
Extreme Fiber. 
Tension. 


Axial Compres- 
sion asin Columns 
with Vertical 
Reinforcement 
only. 

Columns with 
One Per Cent. of 
Hoops. 


Columns with One 
Per Cent.of Hoops 
and 1 to 4 Per 
Cent. of Vertical 
Reinforcement. 


Columns Rein- 
forced with Struc- 
tural Steel which 
Thoroughly 
Incases the 
Concrete Core. 


Shearin Concrete. 


Diagonal Tension 
in Concrete. 


Bond of Concrete. 


Ratio of Moduli 
of Elasticity. 


Stresses in the 
Steel 
Reinforcement. 
Tensile Stress. 
Compressive 
Stress. 








Reinforced 
Concrete Walls. 


e 
E 
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of 





416 Report or COMMITTEE ON INSURANCE AND Laws. 


Under no consideration shall forms be removed until the 
concrete has hardened sufficiently to permit their removal with 
safety. Forms shall not be removed from floor slabs in less than 
seven days. 

Sides of beams may be removed at the same time as the floor 
slabs provided original supports under beams and girders are 
left in place. 

Where original supports remain under beams and girders 
coming to the columns, the forms shall not be removed from the 
columns in less than four days. 

* The original supports for all beams and girders must remain 
in place at least ten days, but all beams and girders having more 
than thirty feet span from center to center of support shall be 
considered as special cases and shall be subject to inspection of 
the Building Department before removal of supports. 

Reinforced concrete walls may be used in place of brick or 
stone walls. The thickness required shall be two-thirds of that 
required for brick walls, as shown by the Building Department 
Regulations. 

Concrete walls must be reinforced in both directions. The 
maximum spacing of reinforcing bars shall be 18 in. centers, re- 
inforcement in either or both faces of the wall being considered. 

Reinforcement shall be not less than one-fourth of 1 per cent. 

There shall be no limit upon the height of buildings of rein- 
forced concrete except as limited by the requirements in these 
regulations. 

There must be kept an exact record of the progress of each 
operation where the same can be inspected by the Building De- 
partment. These records shall show the date of placing of all 
the concrete and date of removal of the forms and must be kept 
and turned over to the Building Department when the building 
is completed. 

Wherever floor constructions are built with a combination 
of tile or other fillers between joists, the following rules regarding 
the dimensions and methods of calculations of construction shall 
be observed. 

Ratio of minimum depth to clear span of joist shall not be 


Relation 
pe nf Joist to creater than one to eighteen. : 


Wherever a portion of the slab above the tile joist shall be 
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considered as acting as a “T”’ beam section, the slab portion must 
be cast monolithic with the joist and must have a minimum thick- 
ness of at least 2 ins. on all spans. Otherwise, all regulations 
applying to “T” beams shall apply to tile and joist construction. 

Where the joists are figured as rectangular beams, in accord- 
ance with the standard regulations of this type of beams, the slab 
shall be considered as independent of the structural part of the 
building. 

Wherever porous tiles, or other material which by its nature 
will absorb water from the concrete, are used between the joists, 
care must be taken to thoroughly saturate the tiles, or other mate- 
rial, with water immediately before the concrete is placed. 

Reinforcement for slabs over joists construction below 20 in. 
centers need not be closer than 24 ins. in each direction. 


Respectfully submitted, 


W. H. Ham, Chairman ; 
Epwarp D. Boyer, 

H. S. Doyte, 

EmILe G. Perrot. 





MINORITY REPORT. 


The undersigned has declined to sign the majority report 
with its suggested Standard Building Regulations for the Use 
of Reinforced Concrete, the reason being that he did not have 
an opportunity to confer with other members of the Committee 
in the preparation of this Standard, and does not agree with 
several of its provisions, having particular reference to the ques- 
tion of fire resistance. Two features seem to warrant special 
mention, viz. : 

Thickness of Walls——Paragraph 9, specifies that reinforced 
concrete walls of a reduced thickness may be used in place of 
brick or stone, no idea being given as to what reduction should 
be allowed, but implying that any wall, whether constituting an 
outside wall or fire division—provided it is regarded as a curtain 


27 
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wall or not bearing any appreciable load—may be 4 ins. Suck 
a provision could by no means be considered adequate to cover 
the walls of a fire-proof building. 

Fireproofing.—All reference to fireproofing is left to one 
item (p. 411) and attempts to express in three short lines all 
that is needed in the matter of insulation of steel members for all 
classes and conditions of buildings. No tests have ever been 
made, nor have any fires occurred of which the writer is aware 
showing that 2 ins. of concrete is sufficient protection for rein- 
forcement of columns. I do not believe it wise to estimate that 
thickness as sufficient protection for such vital members as 
columns, particularly in large mercantile buildings containing 
quantities of combustible material which would provide a long 
and hot fire. I have not yet seen any data which would warrant 
the acceptance of 2°ins. of protection around reinforcement of 
girders and beams. That thickness would doubtless be quite 
acceptable in some classes of buildings, but not in such as by 
nature of their location and occupancy would be subject to long 
and intense fires. 

With due deference to the authority and standing of the 
other members of the Committee, I venture to express the opinion 
that this report has been made up without sufficient regard to 
the matter of fire resistance, notwithstanding the fact that one 
of the chief arguments put forth by the builders of reinforced 
concrete construction is that it is fireproof. 

I trust, however, that these statements will not be construed 
as a disapproval of reinforced concrete construction, nor a dis- 
inclination to regard it as reasonably fireproof when properly 
designed and erected. I have seen enough tests of the material, 
both as experiments and under working conditions to have a very 
high regard for it as a fire resistant, and hope that before long a 
standard specification will be brought out which will greatly 
extend such construction under conditions satisfactory to its 
designers and builders, as. well as to the fire insurance companies, 
who may be conceded to have a considerable interest in the 
subject. 

Epwarp T. CatrRns. 
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APPENDIX. 


The Appendix on the following pages represent: 
(a) Standard Specifications for Cement. 
(b) Standard Specifications for Structural Steel. 
(c) Tabulated Synopsis of Building Regulations in 
Europe. 
(d) Tabulation of Building Code Requirements in the 
principal cities of the United States. 


(a) STANDARD SPECIFICATIONS FOR CEMENT.* 


Apoptep AuGusT 15, 1908, AND REVISED JULY, 1909, BY THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 


GENERAL OBSERVATIONS. 


1. These remarks have been prepared with a view of pointing 
out the pertinent features of the various requirements and the 
precautions to be observed in the interpretation of the results of 
the tests. 

2. The Committee would suggest that the acceptance or 
rejection under these specifications be based on tests made by an 
experienced person having the proper means for making the tests. 


SPECIFIC GRAVITY. 


3. Specific gravity is useful in detecting adulteration. The 
results of tests of specific gravity are not necessarily conclusive as 
an indication of the quality of a cement, but when in combination 
with the results of other tests may afford valuable indications. 


FINENESS. 


4. The sieves should be kept thoroughly dry. 





*Standard No. 1. National Association of Cement Users. 
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TIME OF SETTING, 


5. Great care should be exercised to maintain the test pieces 
under as uniform conditions as possible. A sudden change or 
wide range of temperature in the room in which the tests are 
made, a very dry or humid atmosphere, and other irregularities 
vitally affect the rate of setting. 


TENSILE STRENGTH. 


6. Each consumer must fix the minimum requirements for 
tensile strength to suit his own conditions. They shall, however, 
be within the limits stated. 


CONSTANCY OF VOLUME. 


7. The tests for constancy of volume are divided into two 
classes, the first normal, the second accelerated. The latter should 
be regarded as a precautionary test only, and not infallible. So 
many conditions enter into the making and interpreting of it that 
it should be used with extreme care. 

8. In making the pats the greatest care should be exercised 
to avoid initial strains due to molding or to too rapid drying-out 
during the first twenty-four hours. The pats should be preserved 
under the most uniform conditions possible, and rapid changes of 
temperature should be avoided. 

9g. The failure to meet the requirements of the accelerated 
tests need not be sufficient cause for rejection. The cement may, 
however, be held for twenty-eight days, and a retest made at the 
end of that period, using a new sample. Failure to meet the 
requirements at this time should be considered sufficient cause for 
rejection, although in the present state of our knowledge it cannot 
be said that such failure necessarily indicates unsoundness, nor 
can the cement be considered entirely satisfactory simply because 
it passes the tests. 


SPECIFICATIONS. 
GENERAL CONDITIONS. 


1. All cement shall be inspected. 
2. Cement may be inspected either at the place of manufac- 
ture or on the work. 


: a 
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3. In order to allow ample time for inspecting and testing, 
the cement should be stored in a suitable weather-tight building 
having the floor properly blocked or raised from the ground. 

4. The cement shall be stored in such a manner as to permit _ 
easy access for proper inspection and identification of each ship- 
ment. 

5. Every facility shall be provided by the Contractor and a 
period of at least twelve days allowed for the inspection and 
necessary tests. 

6. Cement shall be delivered in suitable packages with the 
brand and name of manufacturer plainly marked thereon. 

7. A bag of cement shall contain 94 pounds of cement net. 
Each barrel of Portland cement shall contain 4 bags, and each 
barrel of natural cement shall contain 3 bags of the above net 
weight. 

8. Cement failing to meet the seven-day requirements may 
be held awaiting the results of the twenty-eight day tests before 
rejection. 

9. All tests shall be made in accordance with the methods 
proposed by the Committee on Uniform Tests of Cement of the 
American Society of Civil Engineers, presented to the Society 
January 21, 1903, and amended January 20, 1904, and January 
15, 1908, with all subsequent amendments thereto. (See adden- 
dum to these specifications. ) 

10. The acceptance or rejection shall be based on the follow- 
ing requirements: 

NATURAL CEMENT. 

11. Definition. This term shall be applied to the finely pul- 
verized product resulting from the calcination of an argillaceous 
limestone at a temperature only sufficient to drive off the carbonic 
acid gas. 

FINENESS. 

12. It shall leave by weight a residue of not more than 10 per 

cent on the No. 100, and 30 per cent on the No. 200 sieve. 


TIME OF SETTING. 
13. It shall not develop initial set in less than ten minutes; 
and shall not develop hard set in less than thirty minutes, or in 
more than three hours. 
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TENSILE STRENGTH. 


14. The minimum requirements for tensile strength for 
briquettes one inch square in cross section shall be as follows, 


* and shall show no retrogression in strength within the periods 


specified : 

Age. Neat Cement. Strength. 
i MM Ses be Mk Ruse as o's ceecccesces 75 Ibs. 
7 days (1 day in moist air, 6 days in water)........ Iso “ 
28 days (1 rs ca ais Fepennee Rie 
One Part Cement, Three Parts Standard Sand. 

7 days (1 day in moist air, 6 days in water)........ 50 Ibs. 
28 days (1 3 i a * td PEO i 


If the minimum strength is not specified, the mean of the 
above values shall be taken’as the minimum strength required. 


CONSTANCY OF VOLU ME, 


15. Pats of neat cement about three inches in diameter, one- 
half inch thick at the centre, and tapering to a thin edge, shall be 
kept in moist air for a period of twenty-four hours. 

(a) A pat is then kept in air at normal temperature. 

(b) Another is kept in water maintained as near 70 F. as 
practicable. 

16. These pats are observed at intervals for at least 28 days, 
and, to satisfactorily pass the tests, should remain firm and hard 
and show no signs of distortion, checking, cracking or disinte- 
grating. 

PORTLAND CEMENT. 


17. Definition. This term is applied to the finely pulverized 
product resulting from the calcination to incipient fusion of an 
intimate mixture of properly proportioned argillaceous and cal- 
careous materials, and to which no addition greater than 3 per 
cent. has been made subsequent to calcination. 

















‘ 
7 
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SPECIFIC GRAVITY. 

18. The specific gravity of the cement shall be not less than 
3-10. Should the tests of cement as received fall below this re- 
quirement, a second test may be made upon a sample ignited at 


a low red heat. The loss in weight of the ignited cement shall 
not exceed 4 per cent. 


FINENESS. 


19. it shall leave by weight a residue of not more than 8 
per cent. on the No. 100, and not more than 25 per cent. on the 
No. 200 sieve. 


TIME OF SETTING. 


20. It shall not develop initial set in less than thirty minutes, 
and must develop hard set in not less than one hour, nor more 
than ten hours. 


TENSILE STRENGTH. 
21. The minimum requirements for’ tensile strength for 
briquettes one inch square in section shall be as follows, and 


shall show no retrogression in strength within the period speci- 
fied : 


Age. Neat Cement. Strength, 
eo Le ee eer reer es CrrerryT Tyr Trt rr 175 lbs. 
7 days (1 day in moist air, 6 days in water)........ 500 “ 
28 days (1 ‘ wees by en ae de 600 “ 


One Part Cement, Three Parts Standard Sand. 


7 days (1 day in moist air, 6 days in water)........ 200 lbs. 
28 days (1 * “gue ~ wine Pry A a.” 


If the minimum strength is not specified, the mean of the 
above values shall be taken as the minimum strength required. 


CONSTANCY OF VOLUME, 


22. Pats of neat cement about three inches in diameter, one- 
half inch thick at centre, tapering to a thin edge, shall be kept in 
moist air for a period of twenty-four hours, 








ee IE 
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(a) A pat is then kept in air at normal temperature and ob- 
served at intervals for at least 28 days. 

(6) Another pat is kept in water maintained as near 70° F. 
as practicable, and observed at intervals for at least 28 days. 

(c) A third pat is exposed in any convenient way in an 
atmosphere of steam, above boiling water, in a loosely closed 
vessel for five hours. 

23. These pats, to satisfactorily pass the requirements, shall 
remain firm and hard and show no signs of distortion, checking, 
cracking, or disintegrating. 


SULPHURIC ACID AND MAGNESIA, 


24. The cement shall not contain more than 1.75 per cent. 
of anhydrous sulphuric acid (SO,), nor more than 4 per cent. of 
magnesia (MgQ). 
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(b) STANDARD SPECIFICATIONS FOR STRUCTURAL 
STEEL. 


Apoptep Marcu, 1906, by the 
AMERICAN RAILWAY ENGINEERING AND MAINTENANCE OF WAY 


ASSOCIATION. 


83. Steel shall be made by the open-hearth process. 
84. The chemical and physical properties shall conform to 
the following limits: 








Elements Considered. | Structural Steel. Rivet Steel. 


CRM. ko 2 piece thus eek 0.04 per cent. 0.04 per cent, 
Phosphorus, max... 1 Acid ere | a ona a 
Deskstar, MM MIMUM. 00 cece cccscsccccsssccccces 0.05 0.04 
Ultimate tensile strength. Desired Desired 
Pounds per square inch...........++.... 60,000 50,000 


: : : { age" we 
Elong. min. % in 8”, Fig. 1 T,500,0 1,500,000 


’ (| Ult.tensile stre'gth| Ult.tensile stre'gth 
Silky Silky 
180° flatt 180° flatt 


Character of Fracture....... 
Cold Bends without Fracture 





*See paragraph 11. See paragraphs 12, 13 and 14. 


t See paragraph 15. 


The yield point, as indicated by the drop of beam, shall be 
recorded in the test reports. 

85. If the ultimate strength varies more than 4,000 lbs. 
from that desired, a retest shall be made on the same gage, which, 
to be acceptable, shall be within 5,000 lbs. of the desired ultimate. 

86. Chemical determinations of the percentages of carbon, 
phosphorus, sulphur and manganese shall be made by the manu- 
facturer from a test ingot taken at the time of the pouring of 
each melt of steel, and a correct copy of such analysis shall be 
furnished to the engineer or his inspector. Check analyses shall 
be made from finished material, if called for by the purchaser, 
in which case an excess of 25 per cent. above the required limits 
will be allowed. 

92. At least one tensile and one bending test shall be made 
from each melt of steel as rolled. 


Process of 
Manufacture. 


Schedule of 
Requirements. 


Allowable 
Variations. 


Chemical 
Analyses. 


Number of Tests. 




















Thick Material. 


Stamping. 


Defective 
Material. 


426 REPORT OF COMMITTEE ON INSURANCE AND LAws. 


95. Full-sized material for steel one inch thick and over, 
tested as rolled, shall bend cold 180 degrees around a pin, the 
diameter of which is equal to twice the thickness of the bar, 
without fracture on the outside of bend. 

98. Finished material shall be free from injurious seams, 
flaws, cracks, defective edges or other defects, and have a smooth, 
uniform and workmanlike finish. Plates 36 ins. in width and 
under shall have rolled edges. 

99. Every finished piece of steel shall have the melt 
number and the name of the manufacturer stamped or rolled 
upon it. 

100. Material which, subsequent to the above tests at the 
mills, and its acceptance there, develops weak spots, brittleness, 
cracks or other imperfections, or is found to have injurious 
defects, will be rejected at the shop and shall be replaced by the 
manufacturer at his own cost. 
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(c.) TABULATED SYNOPSIS.* 


Representing Building Regulations in Great Britain, Germany, France, 
Switzerland and Austria. 








*Reprinted from Concrete and Constructural Engineering, London, July, 1908. 
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PROPOSED 
STANDARD BUILDING REGULATIONS FOR THE USE 
OF REINFORCED CONCRETE.* 


I. GENERAL. 


1. The term “Reinforced Concrete” shall be understood to 
mean an approved concrete which has been reinforced by metal in 
some form so as to develop the compressive strength of the con- 
crete. 

2. Reinforced concrete may be used for all classes of build- 
ings if the design is in accordance with good engineering practice 
and stresses are figured as indicated in these regulations. 

3. There shall be no limit upon the height of buildings of 
reinforced concrete except as limited by the requirements in these 
regulations. 

4. Before permission is granted by the Building Department 
to erect any reinforced concrete building, complete plans, accom- 
panied by specifications, signed by the engineer and architect, must 
be filed with the Building Department and remain on file for public 
inspection until the building is completed. 

5. The Building Department shall have access to the compu- 
tations, which shall give the loads assumed separately, such as 
dead and live loads, wind and impact, if any, and the resulting 
stresses. 

6. The specifications shall state the qualities of the materials 
to be used for making the concrete, and the proportions in which 
they are to be mixed. 

7. Upon the completion of the building the engineer and 
architect shall issue, under the approval of the Building Depart- 
ment, signed certificates, to be posted on each floor of the build- 
ing, stating the safe carrying capacity per square foot. 

8. There shall be kept an exact record of the progress of 
each operation where the same can be inspected by the Building 





* These Proposed Regulations were submitted to letter ballot, which was canvassed 
on May roth, 1909, and were adopted by a majority of 18 votes. In view of this slight 
majority and of the fact that the members did not receive adequate time to properly 
consider these Regulations before the Annual Convention, the Executive Board has de- 
cided to submit them for reconsideration of the Association at the Sixth Annual Con- 
vention.—Eb. 
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Department. These records shall show the date of placing of all 
the concrete and date of removal of the forms, and must be 
turned over to the Building Department when the building is 
completed. 

g. Reinforced concrete walls may be used in place of brick 
or stone walls with reduced thickness. Curtain walls shall not 
be less than four (4) inches thick. 

10. Concrete walls must be reinforced in both directions. 
The maximum spacing of reinforcing bars shall be 18 in. centers, 
reinforcement in either or both faces of the wall being considered. 
Reinforcement shall be not less than one-fourth of 1 per cent. 

11. Wherever floor constructions are built with a combination 
of tile or other fillers between joists, the following rules regard- 
ing the dimensions and methods of calculations of construction 
shall be observed : 

(a) Ratio of minimum depth to clear span of joist shall not 
be greater than one to eighteen. 

(b) Wherever a portion of the slab above the tile joist shall 
be considered as acting as a Tee-beam section, the slab portion 
must be cast monolithic with the joist and must have a minimum 
thickness of at least 2 in. on all spans. Otherwise, all regulations 
applying to Tee beams shall apply to tile and joist construction. 

(c) Where the joists are figured as rectangular beams, in ac- 
cordance with the standard regulations for this type of beams, the 
slab shall be considered as independent of the structural part of 
the building. 

(d) Wherever porous tiles, or other materials which by their 
nature will absorb water from the concrete, are used between the 
joists, care must be taken to thoroughly saturate the tiles, or other 
materials, with water immediately before the concrete is placed. 

(e) Reinforcement for slabs over joist construction below 30 
in. centers need not be closer than 24 in. in each direction. 


II. MATERIALS. 


a. CEMENT. 


12. Only Portland cement shall be used in reinforced concrete 
structures. Portland cement shall meet the requirements of thie 
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Standard Specifications for Cement of the American Society for 
Testing Materials. (See Standard No. 1 of the National Associa- 
tion of Cement Users.) 

13. Tests of cement used in building operations shall be made 
from time to time under the supervision of the Building Depart- 
ment in accordance with the preceding specifications. No brand 
of cement which has not met these requirements shall be used. 


b. AGGREGATES. 


14. Extreme care shall be exercised in selecting the aggregate 
for mortar and concrete, and careful tests must be made, where 
any doubt exists, of the materials for the purpose of determining 
their qualities and the grading necessary to secure maximum 
density or a minimum percentage of voids. 

15. Fine aggregate shall consist of sand, crushed stone or 
gravel screenings, passing when dry a screen having one-quarter 
inch diameter holes, and not more than six per cent. passing a 
sieve having 100 meshes per lineal inch. It shall be of clean, 
silicious material free from vegetable loam or other deleterious 
matter. 

16. Mortars composed of one part Portland cement and 
three parts fine aggregate by weight when made into briquets 
should show a tensile strength of at least 70 per cent. of the 
strength of 1: 3 mortar of the same consistency made with the 
same cement and standard Ottawa sand. 

17. Coarse aggregate shall consist of inert material, such as 
trushed stone, or gravel, which is retained on a screen having one- 
quarter inch diameter holes, the particles shall be clean, hard, 
durable and free from all deleterious material. The maximum 
size Of the coarse aggregate shall be such that it will not separate 
from the mortar in laying and will not prevert the concrete fully 
surrounding the reinforcement or filling all p2rts of the forms. 

18. The maximum size for reinforced concrete shall be 
such that all the aggregate shall pass a one and one-quarter inch 
diameter ring. 

19. Cinder concrete shall not be used for reinforced concrete 
stritetures ; it may be used for fireproofing. Where cinders are 
used as the coarse aggregate they shall be composed of hard, clean, 
vitreous ¢linker, free from stilphides, unburned coal or ashes. 
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Cc. REINFORCEMENT. 


20. Medium steel for reinforcement of concrete shall be 
made from billets and shall conform to the requirements of the 
specifications for Structural Steel adopted by the American Rail- 
way Engineering and Maintenance of Way Association. 

21. High Carbon Steel shall be made entirely from new bil- 
lets, having (1) a desired ultimate strength of 88,000 lbs. per 
sq. in. with an allowable range of 8,000 lbs. from the desired 


ultimate strength, (2) an elongation in per cent. in eight (8) 
1,200,000 


chimsete stesnanhs and (3) capable of cold bending 180 
degrees around four (4) diameters without fracture. 

22. Where wire or rods up to one-quarter inch diameter are 
used for reinforcement of slabs or for the prevention of shrinkage 
cracks, either material manufactured from the Bessemer billet 


(not re-rolled rails) or drawn from basic open hearth steel may 
be used. 


inches of 


III. DETAILS oF CONSTRUCTION. 


a MIXING. 


23. General. The ingredients of concrete shall be thoroughly 
mixed to the desired consistency, and the mixing shall continue 
until the cement is uniformly distributed and the mass is uniform 
in color and homogeneous. 

24. Methods of measurement of the proportions of the vari- 
ous ingredients, including the water, shall be used, which will 
secure separate uniform measurements at all times. 

25. Machine Mixing. When the conditions will permit, a 
machine mixer of a type which insures the proper mixing of the 
materials throughout the mass shall be used. 

26. Hand Mixing. When it is necessary to mix by hand, the 
mixing shall be on a water-tight platform, and especial precautions 
must be taken to turn the materials until they are homogeneous in 
appearance and color. 

27. Consistency. The materials must be mixed wet enough 
to produce a concrete of such a consistency as will flow into the 
forms and about the metal reinforcement, and which, on the other 
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hand, can be conveyed from the mixer to the forms without sepa- 
ration of the coarse aggregate from the mortar.’ 

28. Retempering mortar or concrete, 1. e., remixing with 
water after it has partially set, shall not be permitted. 


b. PLACING OF CONCRETE. 


29. General. Concrete shall be placed in the work imme- 
diately after mixing and deposited and rammed or agitated by 
suitable tools in such a manner as to produce thoroughly compact 
concrete of maximum density. No concrete should be placed 
until the reinforcement has been placed and firmly secured by 
wiring or other methods to prevent displacement. 

30. The faces of concrete exposed to premature drying shall 
be kept damp for a period of at least seven days. 

31. Before placing the concrete care shall be taken to see 
that the forms are substantial and thoroughly wetted and the 
space to be occupied by the concrete free from debris. When the 
placing of the concrete is suspended, all necessary grooves for 
joining future work shall be made before the concrete has had 
time to set. 

32. When work is resumed, concrete previously placed shall 
be roughened, thoroughly cleansed of foreign material and 
laitance, drenched and slushed with a mortar consisting of one 
part Portland cement and not more than two parts fine aggregate. 

33. Placing in water. Concrete should not be placed in water, 
unless unavoidable. Where concrete must be placed under water, 
unusual care must be taken to prevent the cement from being 
floated away. ; 

34. Freezing Weather. Concrete shall not be mixed or 
deposited at a freezing temperature unless special precautions are 
taken to avoid the use of materials containing frost or covered 
with ice crystals, and to provide means to prevent the concrete 
from freezing after being placed in position and until it has thor- 
oughly hardened. 


¢. PLACING OF REINFORCEMENT. 


35. The reinforcement shall be accurately located in the 


Reinforcement. ¢4+ms and secured against displacement. 
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d. JOINTS. 


36. Reinforcement. Wherever it is necessary to splice rein- Joints. 
forcement by means of lapping, the length of the lap shall be 
determined upon the basis of the safe bond stress and the stress 
in the bar at the point of splice; or a connection shall be made 
between the bars of sufficient strength to carry the stress. Splices 
at the point of maximum stress ‘must be avoided. 

37. In columns large bars shall be properly butted and 
spliced. Small bars may be treated as indicated in paragraph 36. 

38. Concrete. Reinforced concrete work shall be stopped at 
such points that the joints will have the least possible effect on the 
strength of the structure. Footings shall be cast to their full 
depth at one operation. 

(a) Columns. Work in columns shall be stopped at the 
underside of the lowest beam or girder bearing on the column. 

(b) Beams and Girders. Construction joints in beams and 
girders shall be vertical and within the middle third of the span. 
Any concrete which may run past the bulkheads must be cleaned 
up before the concreting of the next section is started. Where 
brackets are used, the bracket shall be considered as a part of 
the beam or girder. 

(c) Slabs. Construction joints in slabs shall be near the 
center of the span. No joint will be allowed between slab and 
beam or girder. 


é@. REMOVAL OF FORMS. 






39. Under no consideration shall forms be removed until the Removal of 
concrete has hardened sufficiently to permit their removal with F°™* 
safety. 

40. Floor Slabs and Beams. Forms shall not be removed 
from floor slabs in less than seven days. Sides of beams may be 
removed at the same time as the floor slabs provided original sup- 
ports under beams and girders are left in place. 

41. Columns. Where original supports remain under beams 
and girders coming to the columns, the forms shall not be removed 
from the columns in less than four days. 

42. Beam and Girder Supports. The original supports for Removal of 
all beams and girders must remain in place at least ten days, SapPorts from 


» Beams and 
but all beams and girders having more than thirty feet span from Sirders. 
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center to center of support shall be considered as special cases 
and shall be subject to inspection of the Building Department 
before removal of supports. 


IV. DesIGn. 


a. GENERAL ASSUMPTIONS. 


43. Internal Stresses. As a basis for calculations for the 
strength of reinforced concrete construction, the following as- 
sumptions shall be made: 

(a) A plane section before bending remains plane after bend- 
ing. 

(b) The modulus of elasticity of concrete in compression 
within the usual limits of working stresses is constant. 

(c) In calculating the moment of resistance of beams the 
tensile stresses in the concrete shall be neglected. 

(d) Perfect adhesion is assumed between concrete and re- 
inforcement. Under compressive stresses the two materials are 
therefore stressed in proportion to their moduli of elasticity and 
their distance from the neutral axis. 

(e) The ratio of the modulus of elasticity of steel to the 
modulus of elasticity of concrete shall be assumed to be 15. 

(f) No allowance shall be made for tension in concrete. 

(g) Initial stress in the reinforcement due to contraction or 
expansion in the concrete may be neglected. 

(h) In columns the ratio of least diameter to height shall 
be taken as one-fifteenth. Greater ratios shall be deduced by 
satisfactory column formule. . 

44. Length of Beams and Slabs. The span length for beams 
and slabs shall be taken as the distance from center to center 
of supports, but shall not be taken to exceed the clear span plus 
the depth of beam or slab. Brackets shall not be considered as 
reducing the clear span. 

45. Length of columns shall be taken as the maximum 
unsupported length. 

46. Where slabs and beams are figured as simple beams the 
length shall be considered as the clear distance between supports 
excluding brackets. 
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b. LOADS. 


47. The dead load shall include the weight of the structure 
and all fixed loads and forces. 

48. The weight of the reinforced concrete shall be taken as 
150 pounds per cubic foot. 

49. The live load shall include all loads and forces which 
are variable. 

The minimum live load for floors and roofs shall be as gen- 
erally provided by building codes. 

50. Roof and Floor Loads. The roof shall be figured to 
carry 30 pounds live load per square foot unless otherwise noted. 

51. A reduction of live load coming to the column support- 
ing the floor below the roof of 5 per cent. to be allowed and a 
further reduction of 5 per cent. of the live load of each story 
below until the total reduction shall amount to 50 per cent. of the 
live load of any floor, after which all loads shall be figured net to 
the foundations. These reductions shall not apply to storage 
warehouses. 

52. Reduction of Loads. No reduction of loads shall be 
allowed for figuring floor slabs. 

53. No reduction of loads shall be allowed for figuring 
beams. 

54. A reduction of 15 per cent. live load may be allowed in 
figuring the girders, except in buildings used for storage purposes. 

55. In assuming the load coming to the columns all beams 
and girders shall be considered as carrying a net load consisting 


of 100 per cent. each of live and dead load, subject to the above 
reductions. 


Cc. BENDING MOMENTS. 


56. Slabs. The bending moment of slabs uniformly loaded 
and supported at two sides only shall be taken as % wl’, where 
w = unit load and 1= span. 

57. Continuous Slabs. For interior slabs overhanging two 
or more supports the bending moment shall be taken as 1/12 wil*. 
The reinforcement at the top of the slab over supports must 
equal that used at the center. The reinforcement in the bottom 
of the slab must equal at least 4 of that used at center. 
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58. Slabs Reinforced in Both Directions. Slabs that are 
reinforced in both directions and supported on four sides and 
fully reinforced over the supports (the reinforcement passing 
into the adjoining slabs) may be figured on the basis of bend- 


: : wi? ; ; . , 
ing moments equivalent to — for load in each direction. When 


span under consideration is not continuous, F = 8; when con- 
tinuous over one support, F = 10; when continuous over both 
supports, F = 12. The distribution of the loads to be deter- 
mined by the formula: 


b* 
1S he 
in which r equals proportion of load carried by the transverse re- 
inforcement, L equals length of span, and b equals breadth of slab. 

59. The slab area ‘may be reduced by one-half, as above fig- 
ured, when the reinforcement is parallel to and not farther from 
the supports than one-quarter of the shortest side. 

The reinforcement spanning the shortest direction shall be 
below the reinforcement spanning the longer direction, and shall 
not be further apart than 2% times the thickness of the floor 
including the finish. 

60. Simple Beams. The bending moment of beams supported 
at the ends only shall be figured as of simple beams. 

61. Partially Restrained Beams. Beams supported at one 
end and continuous at the other to be figured partially restrained 
with a bending moment of eight-tenths (0.8) that of a simple 
beam. 

When the overall vertical distance of the tension members 
is greater than one-sixth of the total depth of the beam the 
stresses in each member shall be computed in proportion to the 
distance from the neutral axis. 

62. Beams supporting rectangular slabs reinforced in both 
directions shall be assumed to take the following load: The beams 
on which the shortest sides of the slab rest shall take the load of 
that portion of the slab formed by the isosceles triangle having 
this side as its base and half this side as its height. The load 
from the remaining portion of the slab shall go to the beams on 
which the long side of the slab rests. 
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63. Continuous Beams. When beams or girders are con- Continuous 


tinuous over two or more supports, the interior beams may be 
considered as partially restrained, and the bending moments at 
the center and support figured as two-thirds (2/3) that of a simple 
beam, unless the concrete at the bottom of the beam at the sup- 
port shall by this consideration receive excess compression. 

64. Tee Beams. In beam and slab construction, an effective 
metalfit bond should be provided at the junction of the beam and 
slab. When the principal slab reinforcement is parallel to the 
girder, transverse reinforcement shall be used extending over 
the girder and well into the slab. 

65. Where adequate bond between slab and web of beam is 
provided, the slab may be considered as an integral part of the 
beam, but its effective width shall not exceed one-eighth (%) of 
the span length of the beam on either side of the beam. 

66. In the design of Tee beams acting as continuous beams, 
due consideration should be given to the compressive stresses at 
the support at the bottom of the beam. 


d. WORKING STRESSES. 


67. Concrete composed of materials meeting the requirements 
of these regulations, mixed in proportion of one part of cement 
and six parts of aggregate (fine and coarse), shall develop a com- 
pressive strength of 2,000 pounds per square inch in 28 days when 
tested as 8 in. diameter cylinders 16 in. long under laboratory 
conditions of manufacture and storage, using the same consist- 
ency as is used in the field. When the proportion of cement is 
increased, using the best quality of aggregates, an increase may be 
made in all working stresses proportional to the increase in com- 
pressive strength at 28 days, as determined by actual tests. On 
this basis the following working stresses shall be allowed in con- 
struction : 

68. Bearing compression, 650 pounds per square inch. 

69. Compression in extreme fiber, 650 pounds per square 
inch. With increase of 15 per cent. near supports in continuous 
beams. 

70. Axial compression in columns without hoops, 450 pounds 
per square inch and 6,750 pounds per square inch or vertical re- 
inforcement. 
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71. Axial compression in columns with 1 per cent. of hoop- 
ing, 540 pounds per square inch, and 6,750 pounds per square 
inch of vertical reinforcement. 

72. Axial compression in columns with 1 per cent. hooping 
and 1 to 4 per cent. of vertical reinforcement, 650 pounds per 
square inch on the concrete and 9,750 on the vertical reinforce- 
ment. 

Bars composing longitudinal reinforcement shall be straight 
and shall have sufficient lateral support to be securely held in 
place until the concrete is set. 

The clear spacing of bands or hoops shall be not ‘greater 
than one-fourth the diameter of the enclosed column. Adequate 
means must be provided to hold bands or hoops in place so as 
to form a column, the core of which shall be straight and well 
centered. 

Bending stresses due- to eccentric loads must be provided 
for by increasing the section until the maximum stress does not 
exceed the values above specified. 

73. Compression on columns reinforced with structural steel 
units which thoroughly encase the concrete core, 540 pounds per 
square inch on the concrete and 8,100 pounds per square inch 
on the structural steel. 

74. Web Stresses. In calculating web reinforcement the 
concrete shall be considered to carry 40 pounds per square inch, 
the remainder to be provided for by means of reinforcement in 
tension. 

Members of web reinforcement shall be embedded in the 
compression portion of the beam so that adequate bond strength 
is provided to fully develop the assumed strength of all shear 
reinforcement. They shall not be spaced to exceed three-fourths 
(34) of the depth of the beam in that portion where the shear- 
ing stresses exceed the allowable shearing value of the con- 
crete. Web reinforcement, unless rigidly attached, shall be 
placed at right angles to the axis of the beam and looped around 
the extreme tension member. 

75. Bond between plain bars and concrete, 80 pounds per 
square inch of surface of bar; where adequate mechanical bond 
is provided the stress shall not exceed 150 pounds per square inch 
of surface of bar. 
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76. The ratio of modulus of elasticity of concrete to steel Ratio of Moduli 
shall be considered as one to fifteen. ate ics 
77. The allowable tensile stress in reinforcement to be 16,000 Reinforcement. 
pounds per square inch for medium steel and 20,000 pounds per 
square inch for high carbon steel with adequate mechanical 
bond. 
78. The compressive stress in the steel reinforcement to be 
fifteen times the allowed compression in concrete in which the 
steel is embedded. 


@. FIREPROOFING. 


79. The main reinforcement in columns shall be protected Fireproofing. 
by a minimum of two inches of concrete, reinforcement in girders 
and beams by one and one-half inches and floor slabs by one 
inch. 
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Mr. Humphrey. 
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DISCUSSION ON INSURANCE. 


PRESIDENT RicHarD L. HuMpHREyY.—I have understood that 
in some parts of the country the rates of insurance on cement 
block construction are high. We have not been able to obtain 
many such rates and the members should write the Association 
about cement block buildings in their towns and give the rates of 
insurance. 

It should be borne in mind that a great many conditions 
affect the insurance rate. The character of the contents is 
always taken into consideration,—also the character of the sur- 
rounding buildings and of the exposures, that is, whether the 
buildings are protected against fire from without. Of course, 
the character of protection provided inside of the building affects 
the rate. 

The report of the Committee on Insurance cites the case 
where a building of reinforced concrete construction, by reason 
of its abutting against a wooden structure with a fireproof wall, 
carries a comparatively high rate. The insurance company is 
writing the risks as a business and they are guessing on the 
possibility of fire and the probable loss. They have a very con- 
servative way of guessing, and you cannot blame them, because 
if they do not guess conservatively they lose money. It is mani- 
fest that these companies are not in the business to lose money. 

Mr. WILLIAM J. GENTHER.—I was talking to an insurance 
inspector who stated that they were not anxious to carry cement 
block buildings at all. He referred to a couple of buildings, of 
single face block, near Olean, in which at the height of a fire 
the wall simply opened up, separated entirely. He said that was 
one reason why they did not care. He knew nothing about the 
construction of buildings, but in that case they had insurance 
on the building and that was his objection, although this case 
may have been one of faulty construction. 

In our town, Despatch, N. Y., just east of Rochester, we have 
been able to obtain a better rate on cement block construction than 
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on frame or brick. I do not know the reason, but our insurance 
company gives us a rate of .85 per cent. on cement block con- 
‘struction as against 1.75 on wood and 1.25 per cent. on brick, at 
no solicitation whatever. We have obtained the .85 per cent. 
rate on a bakery, a class of buildings it is sometimes very hard 
to get insurance on at all. 

Mr. Dana G. CHANDLER.—I built a concrete block factory 
and the companies want about $1.25 for insurance on that. The 
steam curing plant I am installing makes some difference. The 
only wood in the construction is the roof. 

PRESIDENT HuMPpHREY.—How about the character of the 
surroundings? Have you any frame sheds or anything like that 
around it? 

Mr. CHANDLER.—There are no buildings near except a small 
one right adjoining in which I keep my cement. 

We had a fire last summer in which part of the town was 
destroyed. A big elevator burned down on one side of a little 
concrete block bank building and a good-sized hotel for a small 
town on the opposite side. The cashier of the bank told me that 
they had obtained a better insurance rate after the fire. The 
windows on one side of the building and one door on the back end 
burned out. The roof was covered with Rubberoid roofing which 
partly melted off and a woodshed on the back end burned entirely 
off. It was only necessary to put in new doors, new windows, 
and retar the roof. The bank building is just as good to-day 
as the day it was built. I am told the building would not have 
stood the fire if they could have used water to play on the flames. 
However, aside from the burning of the windows you would not 
know the building had ever seen a fire. A group of about 14 
or 15 buildings burned down and this little building stood right 
through the whole fire. 

PreEsIDENt HuMPHREY.—The question of whether. a build- 
ing has passed successfully through a fire or not is entirely a 
matter of judgment. The insurance interests generally look at 
a fire with a great deal more critical eye than perhaps a friend 
of the type of structure that is being investigated and find defects 
which a person who is not overly anxious or who is possibly 
biased does not see. In a number of photographs sent me 
recently of fires throughout the country, while it is true that 





Mr. Genther. 


Mr. Chandler. 





Mr. Humphrey. 


Mr. Chandler. 


Mr. Humphrey. 





Mr. Humphrey. 


Mr. Longacher. 


Mr. Perrot. 


452 Discussion oF Report ON INSURANCE. 


frame structures were destroyed around the concrete block build- 
ing, the statement that the blocks came out with flying colors is 
subject to qualifications since there would be a telegraph pole 
unburned, or some inflammable structure near the building which 
was not damaged, showing that the heat could not have been very 
intense, otherwise that structure would have been charred. At the 
same time there is no question but that structures in many parts 
of the country have certainly stood the fire tests extremely well. 

Mr. P. T. Loncacuer.—I contracted to construct a factory 
building 40x 100 ft., three stories high with a basement. The 
floors were laid on heavy reinforced concrete beams, resting on 
pilasters 32 ins. square. They were built of concrete blocks, 
floated over with concrete mortar, thereby gaining a very good 
pilaster. In the basement were two big boilers for heating and 
power, put in before the floor was built over the basement. 
Fifteen days after we had the new concrete floor put in, by some 
mishap our cribbing took fire in the basement around these 
boilers, and in a space of about 30 ft. square there was about 
2,000 ft. of cribbing lumber burned. It made a very hot fire and 
the concrete being just fifteen days old we were very much 
alarmed as to the outcome. The fire was finally put out with 
city water, the basement and the floor on top being drenched. 
We never saw anything come through the floor only a little steam. 
We left the building stand for about six months and the architect 
after a loading test of the floor, passed it as unhurt by the fire. 
This encouraged the owner so much that he did not place any 
insurance on the building at all. He reasoned that if it will stand 
that much fire with the concrete only fifteen days old, he need 
not fear. I believe that if.we can get examples and tests of that 
kind to the insurance companies they will lower the rates. In our 
house construction, dwellings, we get a rate of 70 cts. for three 
years in Elkhart, Ind. 

Mr. Emre G. Perrot.—Replies to the letters of the Commit- 
tee showed that a number of owners carried their own insurance, 
for the reason that they felt no need of insurance as their build- 
ings were fireproof. In one case a company carried very inflam- 
mable stock and the rate on the building was very high, so 
instead of carrying insurance they simply eliminated it on account 
of the right rate, and thereby saved the annual premium. 
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Mr. WALTER F. BaLiincer.—In considering the compara- Mr. Ballinger 


tive insurance rates it should be borne in mind that there are 
other elements influencing the rates besides the character of the 
floor and wall construction of the building. The purpose for 
which the building is to be used, and the location have great 
weight. For instance a building which would have a compara- 
tively low rate in an isolated section of a city might be required 
to pay a higher rate of insurance in a congested portion. The 
exposures, that is, other buildings which might get on fire and the 
fire be communicated into the fireproof building, are a considera- 
tion. The number of openings, or whether there are any open- 
ings that are unprotected through floors, and whether all openings 
are protected by walls and tin-lined doors and whether the 
exposures are protected by either tin-clad shutters or wireglass 
windows. Then the area of the building, that is the area of the 
floor space, affects the insurance rate, because a fire starting on 
one floor might burn out the contents of one story even though 
the buildings were fireproof. Then the number of stories in height 
would affect the rate, the upper stories making it more difficult 
for the fire department to operate, especially if the city water 
pressure is not sufficient to reach the upper stories. Then again, 
whether the building is protected by a fire extinguisher system 
or not. A building of thoroughly modern reinforced concrete 
construction and without any of these other advantages might 
be made to pay: a higher rate of insurance than a building that is 
not fireproof and which has the other favorable features. 

To illustrate some of these points, I have in mind a machine 
wood-working factory which ordinarily carries a high rate of 
insurance. In this factory the older buildings were of joist con- 
struction, and before any fire equipment was installed the rate of 
insurance was 4 per cent. or $4.00 per $100.00. After the fire 
extinguisher equipment was put in and other improvements were 
made, these same old buildings only had to pay $1.31. Two 
reinforced concrete buildings have been added, the first of which 
pays $0.31 per $100.00 insurance, and in the basement or first 
story of that building is a power plant, boiler and engine. In the 
other reinforced concrete building containing dry kilns, which 
are usually considered hazardous, the rate is only $0.28. 
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1. The recommendations in this report conform in general 
to the more complete report of the Joint Committee on Concrete 
and Reinforced Concrete representing the American Society of 
Civil Engineers, the American Society for Testing Materials, 
the American Railway Engineering and Maintenance of Way 
Association and the Association of American Portland Cement 
Manufacturers. The same unit stresses are suggested and the 
formulas are based on these unit stresses using methods of com- 
putation advised by the Joint Committee. 


UsEs. 


2. Concrete, plain and reinforced, is recognized as an estab- 
lished material for construction. Because of its fire-resisting 
qualities, strength in compression, and relatively low cost, con- 
crete is adapted not only to structures where stresses are prin- 
cipally compressive, such as foundations, dams, retaining walls 
and other walls, piers, abutments, short columns and arches; 
but with the use of metal reinforcement properly placed it is also 
available for a variety of structures and structural forms where 
both compression and tension exist, as in beams and slabs. 


RESISTANCE TO EXTERNAL AGENCIES. 


3. Fire Resistance—Concrete is incombustible and resists 
the action of ordinary fires, so that it may be safely used for 
fireproofing purposes. The thickness of the protective coating 
required depends upon the probable duration of a fire which is 
likely to occur in a structure. For ordinary conditions it is 
recommended that the metal in girders and columns be protected 
by a minimum of 2 inches of concrete, that the metal in beams 
be protected by a minimum of 1% inches of concrete, and that the 
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metal in floor slabs be protected by a minimum of 1 inch of con- 
crete. In monolithic concrete columns the concrete to a depth 
of 1% inches may be considered as a protective covering and not 
included in the effective section when computing the strength. 

4. Watertightness—When proportioned to attain greatest 
density, not leaner than one part cement to two parts fine aggre- 
gate, to four parts coarse aggregate, and mixed to a rather wet 
consistency, concrete is impervious under ordinary conditions. 
Long walls to resist water pressure must be effectively reinforced 
to prevent cracks due to temperature contraction or shrinkage, or 
must be waterproofed by asphaltic or similar preparation, or the 
length may be broken by vertical construction joints sealed by 
metal flashing. 

5. Corrosion of Metal Reinforcement.—Steel embedded in 
good, dense concrete will not corrode under ordinary conditions 
whether located above or below fresh or sea water level. On the 
other hand, if concrete is porous, it may permit moisture to pene- 
trate and corrode the metal. 

6. Sea Water.—To best resist sea water, concrete must be 
proportioned to secure maximum density and mixed thoroughly 
to obtain impervious concrete. 

7. Acids——Concrete of first-class quality thoroughly hardened 
is affected appreciably only by strong acids which seriously injure 
other materials. A substance like manure because of the acid in 
its composition is injurious to green concrete, but after the ‘con- 
crete has thoroughly hardened it satisfactorily resists such action. 

8. Oils—When concrete is properly made and the surface 
carefully finished and hardened, it resists the action of such oils 
as petroleum and ordinary engine oils. Certain oils which contain 
fatty acids appear to produce injurious effects. 

g. Alkalies——In the arid regions alkaline ground water in 
some cases has been known to injure concrete and most other 
structural materials. For use under such conditions concrete 
should be especially rich, dense and impervious. 


RESPONSIBILITY AND SUPERVISION. 


10. The users of cement will recognize the great difference 
in both design and construction between plain concrete work such 
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as sidewalks, roads, foundations, heavy mass work, etc., and 
reinforced concrete structures. Plain concrete serves the require- 
ments admirably for work where tensile stresses do not occur to 
any extent. In reinforced concrete structures steel must be added 
to the concrete to make a safe structure, and the proper sizes, 
dimensions and arrangement of concrete and steel to obtain safety, 
strength and durability require the knowledge and experience of 
the engineer. Many of our failures in reinforced concrete con- 
struction are the results of improper or inadequate design and 
many others are due to incompetent supervision. 

11. It is, therefore, strongly recommended that all structures 
to be built of reinforced concrete shall be designed by experienced 
reinforced concrete engineers and that the drawings to be fur- 
nished to the builder shall show clearly and in detail the sizes and 
dimensions of all parts of the structure, the lengths of all steel 
reinforcement and its exact position with respect to the concrete 
members, and that these drawings shall be accompanied by speci- 
fications giving the quality of the materials to be used, the pro- 
portions of the concrete and the character of the workmanship. 

12. It is also strongly recommended that the character of 
the supervision given to reinforced concrete structures be im- 
proved. Such supervision as is customary in the building trades 
is not sufficient to attain either successful or economical construc- 
tion in reinforced concrete. 

13. All reinforced concrete work should be under the con- 
stant direction of experienced reinforced concrete superintendents, 
—preferably men having a knowledge of engineering. 


CEMENT. 

14. Only Portland cement is suitable for reinforced concrete 
construction or for any construction that will be subject to shocks 
or vibrations or stresses other than direct compression. 

15. The cement should meet the requirement of the Standard 
Specifications for cement as adopted by the American Society for 
Testing Materials.* 

AGGREGATES. 

16. Fine Aggregates——Fine aggregate consists of sand, 

crushed stone or gravel screenings passing when dry a screen hav- 





*Standard No. 1, National Association of Cement Users. 
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ing % inch diameter holes or a screen having four meshes to the 
linear inch. It should be preferably of silicious material, clean, 
coarse, and free from vegetable loam and other deleterious matter. 

17. It is impossible to positively determine the quality of a 
sand by inspection. Frequently a sand containing a very small 
percentage of silt may have its grains coated with organic or 
other matter so as to dangerously retard the setting of the con- 
crete; consequently the testing of the sand is fully as important 
as the testing of the cement. 

18. Mortars composed of one part Portland cement and 
three parts fine aggregate by weight when made into briquets 
should how a tensile strength of at least 70 per cent. of the 
strength of 1:3 mortar of the same consistency made with the 
same cement and standard Ottawa sand. To avoid the removal of 
any coating on the grains which may affect the strength, bank 
sands should not be dried before being made into mortar but 
should contain natural moisture. The percentage of moisture 
may be determined upon a separate sample for correcting weight. 
From 10 to 40 per cent. more water may be required in mixing 
bank or artificial sands than for standard Ottawa sand to produce 
the same consistency. 

19. The relative strength of mortars from different sands 
is largely affected by the size of the grains. A coarse sand gives 
a stronger mortar than a fine one, and generally a gradation of 
grains from fine to coarse is advantageous. If a sand is so fine 
that more than Io per cent. of the total dry weight passes a No. 
100 sieve, that is, a sieve having 100 meshes to the linear inch, 
or if more than 35 per cent. of the total dry weight passes a sieve 
having 50 meshes per linear inch, it should be rejected or used 
with a large excess of cement. 

20. For the purpose of comparing the quality of different 
sands a test of the mechanical analysis or granulometric composi- 
tion is recommended, although this should not be substituted for 
the strength test. The percentages of the total weight passing 
each sieve should be recorded. For this test the following sieves 
are recommended :* 





* Sheet brass perforated with round holes passes the material more quickly than 
square holes. Round holes corresponding to sieves No. 8, 20 and so respectively are 
approximately 0.125, 0.050, 0.020 inch diameter, 
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0.250 inch diameter holes.* 


No. 8 mesh, holes 0.0955 inch width No. 23 wire. 


No. 20. “ 0.0335 “ ~~ aw” 
ae “0.0110 “ rats “GL hae 
No. 100 6“ ; (a rt 


21. The effect of mechanical analysis or granulometric com- 
position upon the strength of mortar is illustrated in Appendix. 
By this table the relative strength of different sands may be ap- 
proximately estimated. 

22. Coarse Aggregates.—Coarse aggregate consists of inert 
material such as crushed stone, or gravel, which is retained on a 
screen having % inch diameter holes. The particles should be 
clean, hard, durable, and free from all deleterious material. 
Aggregates containing soft, flat or elongated particles, should be 
excluded from important structures. A gradation of sizes of the 
particles is generally advantageous. 

23. The maximum size of the coarse aggregate should be 
such that it will not separate from the mortar in laying and will 
not prevent the concrete fully surrounding the reinforcement or 
filling all parts of the forms. Where concrete is used in mass, 
the size of the coarse aggregate may be such as to pass a 3 inch 
ring. For reinforced concrete a size to pass a 1 inch ring or a 
smaller size may be used. 

24. Cinder concrete is not suitable for reinforced concrete 
structures, and may be safely used only in mass for very light 
loads or for fireproofing. 

25.. Where cinder concrete is permissible, the cinders used 
as the coarse aggregate should be composed of hard, clean, vitre- 
ous clinker, free from sulphides, unburned coal, or ashes. 


WATER. 


26. The water used in mixing concrete should be free from 
oil, acid, strong alkalies, or vegetable matter. 





* A No. 4 sieve, having 4 meshes per linear inch, passes approximately the same 
size grains as a sieve with 0.25 in. diameter holes. 
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METAL REINFORCEMENT. 


27. The Committee recommends that mild steel such as 
fills the specifications for structural steel of the American Railway 
Engineering and Maintenance of Way Association is a suitable 
material. 

28. If steel of higher elastic limit is used, it must be of 
first-class quality and subjected to special tests even if used at 
the same working stress as mild steel. It should be required 
to pass the following test: 

29. Test specimens for bending shall be bent cold under the 
following conditions without fracture on the outside of the bent 
portion: 

Around twice their own diameter: 1 in. diameter 80 degrees ; 
3% in. diameter 90 degrees; 14 in. diameter 110 degrees. 

Around their own diameter: 1% in. diameter 130 degrees; 
°/,. in. diameter 140 degrees; 1% in. diameter or less 180 degrees. 

The reinforcement should be free from rust, scale, or coatings 
of any character which would tend to reduce or destroy the bond. 


PROPORTIONS. 


30. The materials to be used in concrete should be carefully 
selected, of uniform quality, and proportioned with a view to 
securing as nearly as possible a maximum density. 

31. The unit of measure should be the barrel, which should 
be taken as containing 3.8 cubic feet. Four bags containing 94 
pounds of cement each should be considered the equivalent of 
one barrel. Fine and coarse aggregate should be measured 
separately as loosely thrown into the measuring receptacle. 

32. If the coarse aggregate contains sand or other fine 
material, that which passes a sieve with % inch round holes 
should be considered as sand in measuring proportions. In gen- 
eral, the concrete on the work should contain enough and only 
enough mortar to cover all particles of stone and fill the voids 
without an appreciable excess of mortar. 

33. The proportions of cement to sand and stone should be 
chosen after a very careful study of the local conditions and the 
available materials. For small and unimportant structures the 
following list is presented to be used as a rough guide to the 
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selection of proportions for different classes of work. The rela- 
tive proportions of fine to coarse aggregate may be varied to suit 
the materials: 


(a) A Rich Mixture for columns and other structural parts 
subjected to high stresses or requiring exceptional 
water-tightness: Proportions 1:11%4:3; that is, one 
barrel (4 bags) packed Portland cement to 1% bar- 
rels (5.7 cubic feet) loose sand to 3 barrels (11.4 
cubic feet) loose gravel or broken stone. 


(6) A Standard Mixture for reinforced floors, beams and 
columns, for arches, for reinforced engine or machine 
foundations subject to vibrations, for tanks, sewers, 
conduits, and other water-tight work: Proportions 
1: 2:4; that is, one barrel (4 bags) packed Portland 
cement to 2 barrels (7.6 cu. ft.) loose sand to 4 barrels 
(15.2 cu. ft.) loose gravel or broken stone. 

(c) A Medium Mixture for ordinary machine foundations, 
retaining walls, abutments, piers, thin foundation 
walls, building walls, ordinary floors, sidewalks, and 
sewers with heavy walls: Proportions 1:2%%4:5; that 
is, one barrel (4 bags) packed Portland cement to 
2% barrels (9.5 cu. ft.) loose sand to 5 barrels 
(19 cu. ft.) loose gravel or broken stone. 

(d) A Lean Mixture for unimportant work in masses, for 
heavy walls, for large foundations supporting a 
stationary load, and for backing for stone masonry: 
Proportions 1: 3: 6; that is, one barrel (4 bags) packed 
Portland cement to 3 barrels (11.4 cu. ft.) loose sand 
to 6 barrels (22.8 cu. ft.) loose gravel or broken stone. 


MIxING OF CONCRETE. 


34. Methods should be devised to always make positive the 
proper proportioning and therefore the accurate measuring of 
the concrete materials, including water. Accurate measurements 
are of the greatest importance. 

35. The concrete materials should be mixed until the cement 
is uniformly distributed throughout the mass and the concrete 
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therefore uniform in color and homogeneous. Sufficient water 
niust be added during the mixing to produce a concrete that will 
flow when agitated, but not so wet as to permit a separation of the 
materials in transferring from mixer to the work. Mixing by 
machine should always be preferred, since the most thorough and 
uniform consistency can be thus obtained. 

36. A type of mixer should be used which will insure 
thorough and accurate proportioning of the materials throughout 
the mass. 

37. Where hand mixing is necessary the mixing should be 
done on a water-tight platform and special precautions taken to 
turn the materials until they are homogeneous in appearance and 
color. Concrete that has started to set or has been out of the 
mixer more than thirty minutes should not be used. Re-tempering 
of either mortar or concrete which has partially hardened should 
not be permitted. 

38. Concrete for reinforced concrete structures should not 
be mixed or deposited at a freezing temperature, unless special 
precautions are taken to avoid the use of materials containing frost 
and to provide means for preventing the concrete from freezing 
after being placed in position and until it has thoroughly hardened. 


PLACING CONCRETE. 


39. Concrete must be placed in the work immediately after 
mixing and deposited and rammed or agitated by suitable tools 
in such a manner as to produce thoroughly compact concrete of 
maximum density. No concrete should be placed until the rein- 
forcing steel has been placed and firmly secured by wiring or other 
methods to prevent displacement. Concrete should be frequently 
wet for several days to prevent too rapid drying out. 

40. Concrete should not be placed in water, unless unavoid- 
able. Where concrete must be placed under water, unusual care 
must be taken to prevent the cement from being floated away. 
This usually can be accomplished in still water by placing the con- 
crete through a large pipe or tube, or in large work by means of 
a bottom dump concrete basket. Before placing concrete, all 
shavings and debris of every nature must be removed and the con- 
crete surface thoroughly cleaned and drenched with water. 
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Forms. 


41. Forms should be substantially built and secured to pre- 
vent movement or deflection during concreting, and tight to 
prevent leakage of mortar. 

42. Before the removal of forms, the concrete should be 
carefully inspected and its strength ascertained. Much care 
should be given to this portion of the work, which is fraught with 
danger under incompetent direction. No exact time for the 
removal of forms can be safely prescribed because of the varying 
character of the work, the variations in the setting of different 
cements and the influence of atmospheric conditions. 


Jornts. 


43. Temperature changes and shrinkage during setting neces- 
sitate joints at frequent intervals or else effective reinforcement, 
depending upon the range in temperature and the design of the 
structure. s 

44. In massive work, such as retaining walls, abutments, etc., 
built without reinforcement, joints should be provided approx- 
imately every 30 to 50 feet throughout the length of the structure. 

45. Girders should never be constructed over freshly formed 
columns without allowing a period of at least two hours to elapse 
to permit settlement in the columns. Before resuming work the 
top of the column should be thoroughly cleansed of foreign 
matter and laitance. 

46. To obtain tight joints between new and old concrete the 
old surface should be roughened, thoroughly cleaned of all foreign 
material and laitance or scum, drenched, and slushed with neat 
cement or a mortar not leaner than one part Portland cement to 
two parts fine aggregate. 

47. Joints in reinforced concrete should be avoided when 
possible by casting the entire structure at one operation. In 
building construction, joints may be made in the columns flush 
with the lower side of the girders, and joints in members of a 
floor system in general should be made at or near the center of 
the span. In all cases joints should be at right angles to the 
surfaces. 
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DeEsIGN OF REINFORCED CONCRETE. 


48. By the use of metal reinforcement to resist the principal 
tensile stresses, concrete becomes available for general use in a 
great variety of structures and structural forms. This combina- 
tion of concrete and steel is particularly advantageous in the beam 
where both compression and tension exist; it is also advantageous 
in the column where the main stresses are compressive, but where 
cross bending may exist. The theory of design will therefore 
relate mainly to the analysis of beams and columns. 

49. Loads.—The loads or forces to be resisted consist of: 


(a) The dead load, which includes the weight of the struc- 
ture and fixed loads and forces. 


: (b) The live load or the loads and forces which are vari- 
able. The dynamic effect of the live load will often 
require consideration. Any allowance for the dynamic 
effect is preferably taken into account by adding the 
desired amount to the live load or to the live load 
stresses. The working stresses hereinafter recom- 
mended are intended to apply to the equivalent static 
stresses so determined. 


50. In the case of high buildings the live load on columns 
may be reduced in accordance with the usual practice. 

51. Lengths of Beams and Columns.—The span length for 
beams and slabs shall be taken as the distance from center to cen- 
ter of supports, but shall not be taken to exceed the clear span plus 
the depth of beam or slab. Brackets shall not be considered as 
reducing the clear span in the sense here intended. 

52. The length of columns shall be taken as the maximum 
unsupported length. 


WORKING STRESSES. 


53. The working stresses given below are as recommended by 
the Joint Committee on Concrete and Reinforced Concrete for 
limiting values. 

54. General Assumptions.—The following working stresses 
are recommended for static loads. Proper allowances for vibra- 
tion and impact are to be added to live loads where necessary to 
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produce an equivalent static load before applying the unit stresses 
in proportioning parts. 

55- In selecting the permissible working stress to be allowed 
on concrete, we should be guided by the working stresses usually 
allowed for other materials of construction, so that all structures 
of the same class but composed of different materials may have 
approximately the same degree of safety. 

56. The stresses for concrete are proposed for concrete com- 
posed of one part Portland cement and six parts aggregate, 
capable of developing an average compressive strength of 2,000 
pounds per square inch at twenty-eight days, when tested in 
cylinders 8 inches in diameter and 16 inches long, under laboratory 
conditions of manufacture and storage, using the same consist- 
ency as is used in the field. In considering the factors recom- 
mended with relation to this strength, it is to be borne in mind 
that the strength at twenty-eight days is by no means the ultimate 
which will be developed at a longer period, and therefore they 
do not correspond with the real factor of safety. On concretes, 
in which the material of the aggregate is inferior, all stresses 
should be proportionally reduced, and similar reduction should be 
made when leaner mixes are to be employed. On the other hand, 
if, with the best quality of aggregates, the richness is increased, 
an increase may be made in all working stresses proportional 
to the increase in compressive strength at twenty-eight days, but 
this increase shall not exceed 25 per cent. 

57. Bearing.*—For compression on’ surface of concrete 
larger than loaded area, 

32.5 per cent. of compressive strength at twenty-eight 
days, or 650 pounds per square inch on 2,000 pound 
concrete. 

58. Plain Columns.—Plain columns or piers whose length 
does not exceed twelve diameters, 

224 per cent. of compressive strength at twenty-eight 
days, or 450 pounds per square inch on 2,000 pound 
concrete. 

59. Reinforced Columns.—(See paragraphs 96 to 104 on 
Columns. ) 





* For beams and girders built into pockets in concrete walls, the lower Compressive 
Stress of 450 pounds per square inch should not be exceeded. 
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60. Compression in Extreme Fiber.—For extreme fiber stress 
of beams calculated for constant modulus of elasticity, 

32.5 per cent. of the compressive strength at twenty- 
eight days, or 650 pounds per square inch for 2,000 
pound concrete. 

61. Adjacent to the support of continuous beams, stresses 
I5 per cent. greater may be allowed. 

62. Shear.—Pure shearing stresses uncombined with com- 
pression or tension, 

6 per cent. of compressive strength at twenty-eight 
days, or 120 pounds per square inch for 2,000 pound 
concrete. 

63. Diagonal Tension.—In beams where diagonal tension is 
taken by concrete, the vertical shearing stresses should not exceed 

2 per cent. of compressive strength at twenty-eight 
days, or 40 pounds per square inch for 2,000 pound 
concrete. 

(See also paragraph 88, Shear and Diagonal Tension.) 

64. Bond for Plain Bars.—Bonding stress between concrete 
and plain reinforcing bars, 

4 per cent. of compressive strength at twenty-eight 
days, or 80 pounds per square inch for 2,000 pound 
concrete. 

Bond for Drawn Wire. 
2 per cent., or 40 pounds on 2,000 pound concrete. 

65. Bond for Deformed Bars.*—Bonding stress between 
concrete and deformed bars may be assumed to vary with the 
character of the bar from 

5 per cent. to 7% per cent. of the compressive strength 
of the concrete at 28 days or from 

100 to 150 pounds per square inch for 2,000 pound 
concrete. 

66. Reinforcement.—The tensile stress in steel should not 
exceed 16,000 pounds per square inch. The compressive stress in 
reinforcing steel should not exceed 16,000 pounds per square inch, 
or fifteen times the working compressive stress in the concrete. 





* No recommendation for deformed bars is given in the report of the Joint Com- 
nittee 


30 
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67. Modulus of Elasticity.—It is recommended that in all 
computations the modulus be assumed as '/,, that of steel; that 
is, that a ratio of fifteen be employed. 


STANDARD NOTATION. 


68. The following notation is recommended by the Joint Com- 
mittee : 


M = moment of resistance, or bending moment in general, in 
inch pounds. 
A = steel area in square inches. 
f, = tensile unit stress in steel. 
f, = compressive unit stress in concrete. 
b = breadth of beam (in a T-beam, breadth of flange) in inches. 
b’ = breadth of web or stem in a T-beam in inches. 
d= depth of beam from compressive surface to center of steel 
in inches. 
t = thickness of flange in inches. 
jd = distance between center of compression and center of steel 
in inches. 
k = ratio of depth of neutral-axis to effective depth, d. 
V = total shear in pounds. 
v = shearing unit stress in pounds per square inch. 
u = bond stress per unit area of bar. 
o = circumference or perimeter of bar in inches. 
Zo = sum of the perimeters of all bars in inches. 
s = distance apart of the stirrups. 


RECTANGULAR BEAMS. 


69. In a rectangular beam neither the allowable working 
compressive stress in the concrete nor the allowable tension in the 
steel should be exceeded. These stresses in practice may be 
determined by the following formulas: 





eee ee «aN (1) 
; .87 Ad 
2M (2) 


ce ~ jkbd? 
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For 0.8 per cent. steel, which gives the stresses already sug- 
gested for 2,000 pound concrete, j = 0.88, and k = 0.38, so that 
the value of f, becomes approximately i 

2 


70. For a design based on working stresses recommended in 
paragraphs 60, 66 and 67, i. e., compression in concrete 650 
pounds per square inch, tension in steel 16,000 pounds per square 
inch and ratio of elasticity of 15, the depth of the beam is 


o=~—Ne (3) 


In order to have the specified tension and compression so that the 
above formula will apply, the percentage of steel must be 0.8 per 
cent. The area of cross section of tensile steel reinforcement is 
therefore 

A = 0.008bd (4) 


In using these formulas, the maximum bending moment, M, is 
computed in inch-pounds, the breadth b is assumed and the depth 
to steel, d, is found from the formula. The full depth is obtained 
by adding to d a thickness of concrete required to imbed and 
protect the steel. The area of steel is then obtained from for- 
mula (4). Shear and bond are considered in succeeding para- 
graphs. 


T-BEAMS. 


71. Where adequate bond between slab and web of beam is 
provided, the slab may be considered as an integral part of the 
beam, and its effective width may be determined by the following 
rules: 

(a) It shall not exceed one-fourth of the span length of the 

beam ; 

(b) Its overhanging width on either side of the web shall 

not exceed four times the thickness of the slab. 


72. Following the above requirements and where ample pro- 
vision has been made for shear, the formulas just given for rec- 
tangular beams may be applied without material error so long as 
the depth, d, is not-greater than 5 times the thickness of the slab.* 


* Beyond these limits the more exact formulas given in the report of the Joint Com- 
mittee should be adopted. 
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73- In using the rectangular beam formulas the width of the 
slab as above specified is taken as the breadth of beam, b, in com- 
puting compression, but in the formulas for shear and bond the 
width of the stem or web is used. 

74. The area of steel may be obtained (when the depth of 
beam, d, does not exceed 5 times the thickness of the slab) by 
the formula 


M 








A= B7f.d (5) 
For 16,000 pound stress in steel this formula becomes 
M 
ve ere 6 
14,000 d (©) 


75. The width of the stem or web of the T is governed by the 
proper embedding of the rods and the area required to resist diag- 
onal tension, as indicated in paragraphs which follow. Web rein- 
forcement is considered in paragraphs 86 to 95. 


FLoor SLABS..: 


76. Floor slabs should be designed and reinforced as contin- 
uous over the supports. If the length of the slab exceeds 1.5 
times its width the entire load should be carried by transverse 
reinforcement. Square slabs may well be reinforced in both direc- 
tions using one-half the computed reinforcement in each direction. 

77. The loads carried to beams by slabs which are reinforced 
in two directions will not be uniformly distributed to the support- 
ing beam but may be assumed to vary in accordance with the 
ordinates of a triangle. The moments in the beams should be 
calculated accordingly. 


ConTINUOUS BEAMS AND SLABS. 


78. In computing the positive and negative moments in 
beams and slabs continuous over several supports, due to uni- 
formly distributed loads, the following rules are recommended 
by the Joint Committee: 


(a) That for floor slabs the bending moments at center and 


at support be taken at Y" for both dead and live 
12 




















* 
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loads, where w represents the load per lineal foot and 
1 the span length.* 
(b) That for beams the bending moment at center and at 


support for interior spans be taken at WY", and for 
12 


end spans it be taken at ¥” for center and adjoining 
Io 
support, for both dead and live loads.* 


79. In the case of beams and slabs continuous for two spans 
only, or of spans of unusual length, more exact calculations 
should be made. Special consideration is also required in the 
case of concentrated loads. 


BoNDING STRENGTH AND SPACING OF Bars. 


80. In direct pull or direct compression a bar must be em- 
bedded a length sufficient to give a working strength in bond 
equivalent to the working strength of the steel in tension or 
compression. For 2,000 pounds concrete, in which 80 pounds per 
square inch is permitted in bond, and a working strength of 
16,000 pounds per square inch in the steel, plain round bars thus 
require an embedded length of fifty diameters. 

81. The bond stress in the horizontal bars in a beam may be 
represented by the formula 


mimesis 
jdZo (7) 


82. With the unit bond of 80 pounds per square inch 
(assuming jd = % d), the total circumference of tension rods 
at any section of the beam should be at least 


s0o= 





70d (8) 

83. For T-beams b’ is substituted for b and jd may be taken 
as approximately the distance from center of slab to steel. 

84. Where high bond resistance is required, the deformed 
bar is a suitable means of supplying the necessary strength. 
Adequate bond strength throughout the length of a bar is prefer- 
able to end anchorage, but such anchorage may properly be used 





. . }? 
*A still more conservative plan is to use — at the middle of all spans. 
10 
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in special cases. Anchorage furnished by short bends at a right 
angle is less effective than hooks consisting of turns through 180 
degrees. 

85. The lateral spacing of bars should not be less than two 
and one-half diameters, center to center, nor should the distance 
from the side of the beam to the center of the nearest bar be less 
than two diameters. The clear spacing between two layers of 
bars should be not less than inch. 


SHEAR AND DIAGONAL TENSION. 


86. Calculations for web resistance shall be made on the 
basis of maximum shearing stress as determined by the formulas 
hereinafter given. When the maximum shearing stresses exceed 
the value allowed for the concrete alone, web reinforcement must 
be provided to carry the diagonal tensile stresses involved. This 
web reinforcement may consist of bent bars, or inclined or ver- 
tical members attached to or looped about the horizontal rein- 
forcement. When inclined members are used, the connection to 
the horizontal reinforcement shall be such as to insure against 
slip. 

87. Experiments bearing on the design of details of web rein- 
forcement are not yet complete enough to allow more than 
general and tentative recommendations to be made. It is well 
established, however, that a very moderate amount of reinforce- 
ment, such as is furnished by a few bars bent up at small inclina- 
tion, increases the strength of a beam against failure by diagonal 
tension to a considerable degree; and that a sufficient amount of 
web reinforcement can readily be provided to increase the shear- 
ing resistance to a value from three or more times that found 
when the bars are all horizontal and no web reinforcement is 
used. 

88. The Joint Committee recommend the following allow- 
able values for maximum shearing stresses for concrete whose 
crushing strength is 2,000 pounds at twenty-eight days: 


(a) For rectangular beams with horizontal bars only, web 


reinforcement is necessary when a4 is greater than 40, 


or (assuming distance between centers of tension and 
compression to be 7% d) when is greater than 35. 
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(6) For rectangular beams in which a part of the horizontal 
reinforcement is used in tne form of bent-up bars 
arranged with due respect to shearing stresses, a 
higher value may be allowed, but not to exceed 60 
pounds per square inch. In this case (assuming 
jd = % 4) stirrups will be required when ¥ is greater 
than 52. 


(c)In any case, no matter how thoroughly reinforced for 
diagonal tension, the total shear should not exceed 120 
pounds per square inch, that is (assuming jd = % d) 

bd must never be less than -V_. 

105 
89. For T-beams the same rules apply except that only the 
web of the beam is effective; hence, b’ must be -ubstituted for b. 
go. In the calculation of web reinforcement to provide a 
strength of 120 pounds per square inch, the concrete may be 
counted upon as carrying one-third of the shear, or for 2,000 
pound concrete 40 pounds per square inch. The remainder may 
be provided for by means of metal reinforcement consisting 
of bent bars or stirrups, but preferably both. The area of a 
stirrup, acting in tension, must be proportioned to the force 
equal to the whole horizontal shear produced between the two 
adjacent stirrups less the amount to be carried by the concrete. 
This total horizontal shear may be found by multiplying the dis- 
tance between stirrups by the average horizontal unit shear, 


which is equal to the vertical unit shear, and is represented oy the 
expression _V_ 
ay ' , 
91. In accordance with this method the stress in a vertical 
stirrup will be equal to vs and in a stirrup or bent rod at 45 


degrees it will equal 0.7 vs, in which s = horizontal spacing, 
that is, the distance apart, of stirrups or bent rods. 

92. In these formulas V is taken as the proportion of total 
shear assumed as carried by the reinforcement. 

93. The longitudinal spacing of stirrups shall not exceed 
three-fourths the depth of the beam in the portion of the beam 
where the shearing stresses exceed the allowable shearing value 
of the concrete. 
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94. It is important that adequate bond strength be provided 
to fully develop the assumed strength of all shear reinforcement. 

95. Inasmuch as small deformation in the horizontal rein- 
forcement tends to prevent the formation of diagonal cracks, a 
beam will be strengthened against diagonal tension failure by so 
arranging the horizontal reinforcement that the unit stresses 
at points of large shear shall be relatively low. 


CoLUMNS. 


96. It is recommended that the ratio of unsupported length 
of column to its least width be limited to fifteen. 

97. The effective area of the column shall be taken as the 
area within the protective covering, as defined in paragraph 3. 
Or in the case of hooped columns or columns reinforced with 
structural shapes it shall be taken as the area within the hooping 
or structural shapes. 

98. Columns may be reinforced by means of longitudinal 
bars, by bands or hoops, by bands or hoops together with longi- 
tudinal bars or by means of structural forms which in themselves 
are sufficiently rigid to act as columns. The general effect of 
bands or hoops is greatly to increase the “toughness” of the 
column and its ultimate strength, but hooping has little effect 
upon its behavior within the limit of elasticity. It thus renders 
the concrete a safer and more reliable material and should permit 
the use of a somewhat higher working stress. The beneficial 
effects of “toughening” are inadequately provided by a moderate 
amount of hooping, a larger amount serving mainly to increase 
the ultimate strength and the possible deformation before ultimate 
failure. 

99. The following recommendations are made for the rela- 
tive working stresses in the concrete for the several types of 
columns: 


(a) Columns with longitudinal reinforcement only, the unit 
stress recommended in paragraph 58. 

(b) Columns with reinforcement of bands or hoops, as 
specified below, stresses 20 per cent. higher than given 


for (a). 
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(c) Columns reinforced with not less than 1 per cent. and 
not more than 4 per cent. of longitudinal bars and with 
bands or hoops, stresses 45 per cent. higher than given 
for (a). 

(d) Columns reinforced with structural steel column units 
which thoroughly encase the concrete core, stresses 45 
per cent. higher than given for (a). 


100. In all cases, in addition to the stress borne by the con- 
crete given above, longitudinal reinforcement is assumed to 
carry its proportion of stress in accordance with the ratio of its 
elasticity to concrete. For example, with a working stress in con- 
crete of 450 pounds per square inch, the longitudinal reinforce- 
ment may be assumed to carry 15 x 450 = 6,750 pounds per 
square inch. 

101. The hoops or bands are not to be counted upon di- 
rectly as adding to the strength of the column. 

102. Bars composing longitudinal reinforcement shall be 
straight and shall have sufficient lateral support to be securely 
held in place until the concrete is set. 

103. Where bands or hoops are used, the total amount of 
such reinforcement shall be not less than 1 per cent. of the volume 
of the column enclosed. The clear spacing of such bands or 
hoops shall be not greater than one-fourth the diameter of the 
enclosed column. Adequate means must be provided to hold 
bands or hoops in place so as to form a column, the core of 
which shall be straight and well centered. 

104. Bending stresses due to eccentric loads must be provided 
for by increasing the section until the maximum stress does not 
exceed the values above specified. 


SPLICING OF Bars. 


105. Wherever in tension reinforcement it is necessary 
to splice the reinforcing bars, the length of lap shall be de- 
termined on the basis of the safe bond stress and the stress in 
the bar at the point of splice; or a connection shall be made 
between the bars of sufficient strength to carry the stress. Splices 
at points of maximum stress should be avoided. In columns 
large bars should be properly butted and spliced; small bars may 
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be treated as indicated for tension reinforcement or their stress 
may be taken off by being embedded in large masses of concrete. 
At foundations, bearing plates should be provided for large bars 
or structural forms. 


REINFORCING FOR SHRINKAGE AND TEMPERATURE STRESSES. 


106. Where large areas of concrete are exposed to atmos- 
pheric conditions, the changes of form due to shrinkage (resulting 
from hardening) and to action of temperature are such that large 
cracks will occur in the mass, unless precautions are taken to so 
distribute the stresses as either to prevent the cracks altogether 
or to render them very small. The size of the cracks will be 
directly proportional to the diameter of the reinforcing bars and 
inversely proportional to the percentage of reinforcement and 
also to its bond resistance per unit of surface area. To be most 
effective therefore reinforcement should be placed near the ex- 
posed surface and well distributed, and a form in reinforcement 
used which will develop a high bond resistance. 


APPENDIX. 


Tests By NEw YorK Boarp or WATER Supply or 1:3 MORTAR 
MapDE with SANDS OF DIFFERENT MfcHANICAL ANALYSIS. 











Percentages Passing Sieves. Tensile Test. Compression Test. 
= a Ae : : “ihe 

No. 4 No. 8. | No. 50. | No. 100. 7 days. 90 days. 7 days. 90 days. 
100 70 | 12 5 213 613 2690 5640 
10° 86 21 6 263 412 IQI5 4660 
100 99 26 2 177 325 gos 2170 
100 97 28 6 178 282 1070 1500 
100 94 44 | 12 139 228 905 1130 
100 100 52 14 122 170 275 810 


100 100 94 48 80 149 330 49° 














DISCUSSION. 


Mr. H. S. Doy.e (by letter).—As a discussion of the Re- Mr. Doyle. 
port of the Committee on Reinforced Concrete I would like to 
make the following suggestions: 

Metal Reinforcement—I would add to Paragraph 27 that 
under no conditions should re-rolled steel be used in reinforcing 
concrete. While I understand of course that the specifications 
of the American Railway Engineering and Maintenance of Way 
Association cover this, I think that either their specifications 
should be included here or that this should be specifically men- 
tioned. Also that all metal reinforcement may be made from 
either new Bessemer or Basic Steel billets. 

Proportions.—Paragraph 33 (b). I believe that the first 
line should read “A standard mixture for reinforced walls, floors, 
columns, etc.” I think the mixture should be equally as good 
for walls as for floors, beams, columns, etc. This should come 
under the 1-2-4 mix. 

Bond for Plain Bars.—Paragraph 64. From my personal 
experience and knowledge of wire, I do not believe that it is fair 
to allow for bars 4 per cent. of the compressive strength at 28 
days, or 80 lbs. per sq. in. for 2,000 lbs. concrete, and for wire 
2 per cent. or 40 lbs. per sq. in. I think that galvanized wire 
and rods should not be on identically the same basis, but I do 
believe that 2 per cent. or 40 lbs. is fair where galvanized wire 
is needed, and that this distinction be made. 

Paragraph 66. I believe that the fibre stress on steel should 
not exceed 16,000 lbs. on a mild or commercial steel hot rolled, 
but on cold drawn wire or cold rolled steel, I think a higher 
maximum fibre stress should be allowed. I would suggest the 
following in lieu of Paragraph 66: 





Reinforcement.—The tensile strength in steel should not exceed 
16,000 lbs. per sq. in. for mild steel hot rolled from new billets, and 
should not exceed 20,000 Ibs. per sq. in. for drawn wire, and in no case 
should the stress in steel exceed one-half of the elastic limit for hot 
rolled steel, or one-third of the elastic limit for cold drawn steel. 


(475) 














Mr. Doyle. 


Mr, Skinner. 
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The above I believe are all the suggestions I have to make 
at the present time. 

Mr. THEoporE H. SKINNER (by letter).—The following 
comments are submitted with the hope that they may be of 
service : 

Metal Reinforcement.—Referring to the bending tests pro- 
posed for steel specimens, Paragraph 28, I think they would be 
more definite and cover the ground better if reading as follows: 


28. If steel of higher elastic limit than provided for by Paragraph 
27 is used, it must be of first-class quality, and must be submitted to 
the following tests even if used at the same working stress as mild 
steel, and specimens must be bent cold around a pin twice their own diam- 
eter without any sign of cracking on the outside of the bend— 


(a) If 1 in. or greater in diameter to angle of 80 degrees. 


If u% “ec “ “ “ “ “ “ “ go “ 
If 4 “ “ “ “ “ “ “ “ 110 “ 


(b) Smaller specimens should be bent cold around pins of their 
own diameter— 
If % in. in diameter to angle of 130 degrees. 
If a PO “ “ “ “ “ “ 140 “ 
If \% ce “ “cc “ é “ 180 “c 


Mixing.—Paragraph 36 should be changed to read “A mixer 
should be used, etc.” 

Joints —Paragraph 45. My observation leads me to believe 
that two hours is not sufficient time for the concrete in the column 
to have reached equilibrium, and that if we are making a recom- 
mendation embodying good practice, twelve hours should be the 
minimum period. I have seen large cracks between the columns 
and girders as a result of pouring the girder concrete too soon. 

Paragraph 47. The word “structure” should read member, 
as it is impossible to continue the operation on the whole struc- 
ture without interruption, but it is possible under general con- 
ditions to cast a member (column, girder or section of wall) 
complete at one pouring, and it is often necessary in large work 
to introduce definite joints for expansion and contraction. In the 
matter of joints in members of the floor system, it is not made 
clear whether the joining or lapping should be in a direction 
parallel to the girder, or at right angles thereto, but it does state 
that “in all cases joints should be at right angles to the surfaces.’ 


’ 
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It seems to me that this would be more definite if it specified that mr. skinner. 
joints in slabs and beams should be as nearly vertical as possible, 
and long scarfs or inclined joints should be avoided. 

Bearing.—Paragraph 57. The statement “For compression 
on surface of concrete larger than loaded area” is not clear. 
From the foot-note it seems that for the bearing of the beam in 
the wall, compression at the bearing should not exceed the mini- 
mum compressive stress of 450 lbs. per sq. in. This paragraph 
should be made so that it could be understood. 

Bond for Plain Bars——Paragraph 64. My experience has 
been that there is no bond between straight drawn wire and 
concrete that can be figured or depended upon, and I should 
rather see the paragraph omitted. Of course, if the wire is 
sufficiently deformed by corrugation or by welded anchors, the 
strength of the wire may be developed in combination with the 
concrete, but it is due to some form of mechanical bond rather 
than to an adhesive bond. 

Reinforcement.—Paragraph 66 does not mention high car- 
bon steel or wire, whereas the “Proposed Building Regulations” 
allow 20,000 Ibs. per sq. in. for high carbon steel with approved 
mechanical bond, and many good authorities are willing to allow 
as high as 24,000 lbs. per sq. in. tensile stress in cold drawn wire, 
provided a proper mechanical bond is effected between the wire 
and the concrete. On this point I am of the opinion that where 
the steel wire has an ultimate strength of from 90,000 to 120,000 
Ibs. per sq. in., and the elastic limit is proportionately high, that 
it is perfectly safe to figure a higher stress per sq. in. on wire 
than it is on rods. In my practice and as a result of two years’ 
experimental work, I am satisfied that it is safe to figure stresses 
in deformed wire up to one-half of the actual elastic limit of the 
wire being used, and would be glad to see the recommendation 
changed to allow stresses in steel wire, provided proper mechani- 
cal bond with the concrete is accomplished, as high as 30,000 
Ibs. per sq. in., but should be satisfied for the present to have 
the specifications allow a figured working stress of 24,000 Ibs. 
per sq. in. for use in slab work. 

Floor Slabs.—Paragraph 77 does not state the facts exactly, 
or at least completely. In a square panel a uniform load over 
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the entire panel, or a concentrated load would be distributed 
uniformly to the surrounding beams, while in a rectangular panel 
the proportion of the load which each beam would carry would 
vary with the dimensions of the panel, if the load were uniformly 
distributed, and would vary again, depending on the location of 
the load, if it were a concentrated load. Some additional indica- 
tion of how to determine the ordinate of the triangle mentioned 
should be added. 

Columns.—Paragraph 102 states that bars composing longi- 
tudinal. reinforcement should be straight. Is this supposed to 
mean that twisted or other deformed bars should not be used? 
If this is the intention I think it should be stated in the form of a 
recommendation that deformed bars should not be used for ver- 
tical column reinforcement. I believe that this is an important 
matter, and personally am of the opinion that any deformation 
of the vertical bar is a detriment to the column. 

Mr. Ernest McCotioucH (by letter)—Waterproofing. — 
The recommendation of asphaltic or similar preparations for 
waterproofing seems like advertising, and this reference should 
be omitted. In my opinion the Committee should say that the 
watertightness of concrete is as yet a mooted question and that 
until something better and cheaper is discovered, a mixture 
richer than 1-2-4 should be used. This report is bound to be 
considered as more or less authoritative and a great many of us 
have found that asphaltic preparations are not of such great 
utility as this report would seem to indicate. For general recom- 
mendations it is unfortunate that reference was made to water- 
proofing preparations that are not incorporated with concrete. 
Such preparations are only of limited value and in particular 
instances. 

Sea Water.—Paragraph 6. In referring to sea water why 
does not the Committee state that the only cement thus far seem- 
ingly affected is that containing a high percentage of lime? It 
is not enough to secure impervious concrete, but care should be 
taken to see that the cement is entirely free from raw material 
and contains the minimum percentage of lime. 

Alkalies—Paragraph 9. The same criticism as of Para- 
graph 6 applies herein. Referring to concrete mixed for use in 
regions where alkali may be present and might endanger the 
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concrete, the further caution should be given that in alkali Mr. McCullough. 
countries the stone, sand and water should be analyzed by a com- 

petent chemist before use. The writer practised for a great 

many years in the alkali regions of the West and has there mixed 

concrete. 

Responsibility and Supervision—Paragraphs 10-13 inclusive 
miss their object by being too long-winded and diffuse. Para- 
graph 13 should replace Paragraph 10, and 12 should replace 11. 
The present Paragraphs 10 and 11 by being omitted would lead 
to the two others being read and given proper attention. 

Cement.—Paragraph 14. The reasons given here for the 
employment of Portland cement are not the real reasons for its 
use to the exclusion of other hydraulic cements. That is, one 
would gather from reading this section that other cements are 
not good in situations where shocks and vibrations exist, yet in 
other parts of the report emphasis is placed on the fact that in ‘ 
reinforced concrete only compressive stresses are to be figured 
on as being taken care of by the concrete. The report should 
have gone somewhat at length into all the reasons why Portland 
cement is the only cement to use in reinforced structures and not 
content itself with making a bald statement. 

Fine Aggregates—Paragraphs 16-21, inclusive. In com- 
mon with a great number of men who have to actually mix and 
use concrete on work and who are compelled to use what sand 
they can secure from local dealers, I cannot help but feel ag- 
grieved that so much space is given to the question of proportion- 
ing and discussion of sand grains. There is now too much such 
discussion and I believe it is only serving to make many practical 
men flee from the sight of reports in which highly theoretical 
questions are given prominence. This report is intended by the 
Association to be a guide for the men who need instruction and 
who do not read and study text-books—the practically trained 
men in the country who look to the Association as a parliament of 
' experienced men. Generally the stresses allowed are such that 
extreme nicety in the selection and assortment of sand does not 
pay. The man on the job has to rush the work through and mix 
the materials in the proportions mentioned in the specifications. 
A laboratory and arrangement of sieves cannot be carried on to 
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Mr. McCullough. the job and be kept in operation. There is too much rush and 
hurry and if the constructor obtains ordinary sand that is clean 
he has much to be thankful for. The effect of granulometric 
composition upon the strength of mortar is well known to all 
users and this much of the report might well have been reserved 
for an appendix, if inserted at all. 

Coarse Aggregates.—Paragraph 23. The Committee states 
that for reinforced concrete a size of stone to pass a one-inch 
ring or a smaller size may be used. Why the word “may”? It 
is not always best to have stone running under one inch in size. 
In some cases larger stone may be used and my rule is that the 
larger size should not exceed in any dimension one-fourth of the 
thickness of the wall or slab or column and should not in any case 
exceed the spacing between the principal reinforcement. 

Paragraph 24. Cinder concrete is greatly used and the 
dangers of its use should be fully pointed out in order that men 
who do use it may be prepared to use it properly. I believe that 
owing to its porosity the covering of cinder concrete should be 
thicker around the steel than the covering of stone concrete. 
Also that all reinforcing steel used in cinder concrete should be 
dipped in cement paste before the concrete is deposited. 

Metal Reinforcement.—Paragraphs 27-29 inclusive. These 
paragraphs are not complete when we consider the vast amount 
of advertising that is being done by companies selling steel other 
than that recommended by the Committee. In paragraph 28 
reference is made to steel having a higher elastic limit, but noth- 
ing is said about the manner in which this higher elastic limit 
is secured. If the high elastic limit is due to a large amount of 
carbon or materials tending to make the steel brittle then some 
specifications should be submitted to show just what such a steel 
should be. If the higher elastic limit is secured by working a 
medium steel then the difference in percentage between the elastic 
limit and the ultimate strength should be fixed. Give every steel 
a chance in language that will permit the half-instructed man to 
know that something is being said about every steel he sees 
advertised. We all know that if we did not believe there were a 
great many half-instructed men in the world there would be no 
occasions for reports such as this, therefore they should not be 
vaguely worded, 
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Proportions.—Paragraph 31. This report is apparently 
made to satisfy certain engineers. It does not consider the men 
who outnumber the engineers a thousand to one, namely, the men 
who are using concrete in the hot sun and not in the pleasant 
office or in the laboratory. To the men in the sun and the rain 
a bag of cement is a cubic foot because it is convenient to so 
consider it. Therefore, why not recognize the fact in this report 
that is intended to go out to the field workers? In my opinion 
the report should come out openly and say that one bag of cement 
weighing not less than ninety-five pounds gross is to be consid- 
ered as one cubic foot. The contractor says a bag is a foot 
and that settles it. The cement salesman is the man who gives 
him that information and I have heard it given to the men by 
salesmen of many companies. It is an easy unit and avoids 
fractions. Contractors and their foremen dislike fractions and 
like even figures. Let us get in harmony with them. 

Paragraph 33. Everything is fractional and the barrel is 
given as a unit in all cases when one seldom sees a barrel now- 
adays on a job. The bag is replacing the barrel for cement and 
there are many different units for barrels so that unless we tell 
exactly the size of the barrel we mean then we are pretty far 
away from what we want to get. This is shown by the explana- 
tion in cubic feet. It would be so much more sensible to do just 
what the contractor does; that is count a bag of cement as one 
cubic foot and make measuring boxes to contain a certain definite 
number of cubic feet of sand and stone and leave out the tenths 
and inches. The barrel as a unit is decidedly out of date when 
one has to explain in parentheses just how many cubic feet is 
meant. 

Reinforcement.—Paragraph 66. This section should be 
changed to read that the tensile stress in steel should not exceed 
one-third the elastic limit and that the stress should not exceed 
with any steel a maximum of 16,000 Ibs. per sq. in. Inasmuch as 
a great many companies are using stresses of 20,000 Ibs. this 
section should contain a clause relating to elongation under stress. 
In this clause a compressive stress of 16,000 lbs. is permitted. 
Here we have a section going to the extreme of caution in the 
first clause and going as far the other way in the last clause. 





Mr. McCullough. 
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Mr. McCullough. What justification have the members of the Committee to offer 





for such a compressive stress, seeing that the reinforcement is 
commonly in long slender bars? 

T-Beams.—Paragraph 71. It should be impressed upon the 
reader that the slab and beam can only be considered as acting 
together when they are poured at one time. Many contractors 
pour the stem first. 

I have no further criticisms to offer, as the report after 
Paragraph 71 meets with my approval. The portions however 
that relate to the practical outdoor work and in which the out- 
door man will be most greatly interested are, to my mind, de- 
cidedly insufficient. 

Mr. Sanrorp E. THompson (by letter).—The discussion 
which has been presented on the Report on Reinforced Concrete 
should be of valuable assistance to the present Committee, and 
the suggestions made should be carefully considered with a view 
to incorporating in the next report as many of them as it is 
deemed advisable. 

Perhaps the most important questions are those referred to 
by each of the gentlemen taking part in the discussion, although 
they are considered from different points of view,—the quality 
and the working stress in steel for reinforced concrete. A limit- 
ing stress of 16,000 lbs. per sq. in. was decided upon as a value 
to adopt for the present. Special conditions and material of 
exceptional quality may sometimes warrant slightly higher 
values. The subject is one which deserves careful attention, 
and is being considered by the committees of several of our na- 
tional associations. 

A few comments may be added upon several of the para- 
graphs: 

Paragraph 6. With reference to the effect of sea water, 
it may be said that in the opinion of the writer, it has not yet 
been proved that only cement high in lime is injured by sea 
water, although this is probably affected the most. 

Paragraphs 16-21 recommend tests for sand. When, as 
shown in the Appendix, mortar made from the sand from one 
natural bank gives a tensile strength of 80 pounds at 7 days, 
while another gives a strength of 263 pounds at the same age, 
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both sands being clean and the only difference being in the size Mr. Thompson. 
of the grains, it does not seem that too great stress can be placed 

upon the importance of proper selection and test. The writer 

has been called upon frequently during the last two or three 

years to investigate concrete which was defective because of poor 

sand. The strength of the mortar is of the first importance, 

while, if the sand is clean, the determination of the mechanical 

analysis will afford very exact indication of the relative value of 

different sands. 

The practice in proportioning is by no means uniform 
throughout the country, the units of measure varying from 3.3 
to 4.25 cu. ft. The most important point is to have some unit 
which will be generally adopted, and 3.8 cu. ft. is given in Para- 
graph 31 as having been adopted in much of the largest engin- 
eering and contracting practice. 

Paragraph 47. The word “structure” was intentional. It 
is possible in many classes of reinforced concrete, such as tanks, 
to pour the entire structure at one operation, and this plan 
should be followed when practicable ; in building construction it is 
obviously not possible. 

Paragraph 57. A lower bearing value is suggested for 
beams run into pockets in a wall, than in cases where the mem- 
ber is smaller than the base upon which it rests, because of the 
greater difficulty of properly placing the concrete. 

Paragraph 102. The meaning intended is as stated, that 


the column rods should be straight so that they will set vertical 
and true. 
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REPORT OF COMMITTEE ON 
TESTING CEMENT AND CEMENT PRODUCTS. 


By E. S. Larnep,* Chairman. 
ee i Se See om 

In considering material for the annual report of this 
Committee, it was deemed an opportune time to invite some 
form of original research work, for which each member is spe- 
cially equipped by reason of long experience and responsible 
connection with an established laboratcry of recognized authority. 

It was also expected that by individual effort and initiative, 
some variety of subjects could be taken up, each of which would 
prove of special interest and value to the Association, but this 
proved impracticable, and accordingly a definite program of 
tests was outlined and each member invited to carry same 
through for purposes of comparison, and to serve also as a check 
in drawing conclusions from the results obtained. 

The influence of temperature upon the setting and harden- 
ing of cements has long been recognized as an important factor, 
and some tests have been made to determine this, results appear- 
ing in the more or less scattered and elusive cement literature, 
but it is believed that much information is yet to be gained from 
investigation along this line and it is to be regretted that the 
laboratory cannot more faithfully reproduce the conditions of 
every day field practice. 

The test suggested for this report was to determine the influ- 
ence of varying temperatures in the gaging water upon the 
setting properties and tensile strength of three kinds of commer- 
cial Portland cement, viz., quick setting (taking the initial set 
preferably under ten minutes), normal cement, and very slow 
setting cement. The pats for determination of set and the bri- 
quettes, as soon as made, were exposed in dry air at a tempera- 
ture of about 110 degrees F. This exposure was intended to 
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approximate some of the extreme conditions experienced in hot 
summer weather in practical operations. 

Each night, during the full period of the test, the tempera- 
ture was allowed to fall to that of the laboratory and was raised 
the following morning and maintained during the day at about 
110 degrees F. After the early hardening of the briquettes, 
it was aimed to maintain the humidity of the air in the pans, 
containing the test specimens, between 60 and 80 degrees; this 
could not be regulated in the early stages under the conditions 
to be met. 

The different samples of cement and the standard laboratory 
sand used, were allowed to gain and remain at the laboratory 
temperature prior to mixing, but the gaging water ranged in 
temperature from 40 degrees F. to boiling, at 10-degree inter- 
vals up to 120 degrees, then raised to 150 degrees, and then to 
boiling. 

For purposes of comparison, the usual normal tests, in accord- 
ance with the standard specifications of the American Society 
for Testing Materials,* and a chemical analysis, were made of 
the same cements. 

Under the conditions named for the special test, it will be 
observed at once that the temperature of the cement, sand, 
molds and laboratory would neutralize to a large extent the 
temperature of the gaging water above and below this normal 
average, the percentage of water used being relatively so small. 
It must also be noted that the influence of these unusual labo- 
ratory conditions upon the rate of set and tensile strength of 
small test specimens would be more intense than similar con- 
ditions upon large masses of cement, mortar or concrete. The 
test specimens were, however, not exposed to air currents, as 
would be the case in newly-laid and unprotected sidewalks, 
floors, and other forms of concrete construction having large 
superficial area compared to volume. 

With the experience gained from these tests, the labora- 
tories that did the work could probably repeat the series with 
more satisfactory results, and it has been suggested that it would 
be desirable to bring all the materials used to the same tempera- 
ture as the mixing water and kept uniform during the process 





*Standard No. 1, National Association of Cement Users. 
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of mixing; this would be even more apparent, were it possible 
to have the temperature, during exposure, conform and be main- 
tained constant with the temperature of the materials as first 
combined. 

Had all the laboratories represented in this Committee been 
_able to undertake this investigation, it was not expected that 
the results would be uniform, for the reason that each member 
was to select his own sample of cement (of the three kinds 
named), and was further obliged to adapt the apparatus most 
convenient in hand, to secure the conditions of exposure stipu- 
lated. It was expected, however, that all results reported would 
lead to the same general conclusions, and this proved to be sub- 
stantially correct in the two reports received, namely, from Mr. 
J. Y. Jewett and Mr. H. L. Sherman. 

Owing to the multiplicity of figures in the tables only one 
full set will be given, and attention called to material differ- 
ences, when any, in the form of foot-notes. 

Quick setting cement gave the usual trouble in mixing and 
molding, making it difficult and practically impossible to secure 
uniform results in this operation. 

The normal and slow setting cements were mixed and 
molded with a good degree of uniformity, and the variations 
in tensile strength are probably due largely to variations in the 
condition of exposure of the different briquettes, especially 
while setting and during the early period of hardening, which 
variations could not have readily been avoided without the 
expenditure of considerably more time, ard the use of more 
elaborate equipment. 


TABLES. 


Cement.—Sample No. 1 was obtained from an eastern 
mill, especially for the purpose of these tests, and it was claimed 
that this sample had not been treated with calcium sulphate 
(the custom of the mili being to add the sulphate after grinding 
the cement). 

Sample No. 2 is a western cement. 

Sample No. 3 is a western cement, the manufacturer's 
claiming that they do not use any calcium sulphate in their 
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product as, owing to the high percentage of iron which it con- 
tains, it is sufficiently slow setting without such admixture. 


SUMMARY OF RESULTS. 

Setting.—The use of mixing water of a high temperature 
makes a quick cement slower setting, even in dry air of 110 
degrees F., while the slow setting cements become considerably 
quicker setting under this exposure, without regard to the varia- 
tions in the mixing of water (see foot-note under sample No. 2). 

Water.—The least amount of water required to produce 
“normal consistency” was uniformly found to be at the lowest 
temperature used, namely 40 degrees F., while the amount 
necessary gradually increased as the temperature was raised, 
the apparent difference reaching a maximum of over six per 
cent.; this difference, however, is accounted for in part by the 
increase in volume of the water as the temperature rises. 

Tensile StrengthBriquettes kept in the air at 110 degrees 
F. (and broken when at that temperature) show in general a 
marked decrease in strength as compared with the normal tests, 
and also show in general a lower rate of increase from the I- 
day to the 7-day, and from the 7-day to the 28-day periods, this 
being in some cases a decrease rather than an increase. 

Appearance of Pats and Briquettes.—It was expected that 
unfavorable indications, in the way of crazing, checking, warp- 
ing or cracking, would follow exposure in dry air at 110 de- 
grees F., but one report states that nothing of this nature was 
observed in any of the samples, while the other states that the 
slower setting cement was free from these indications, but the 
quick cement gave signs of cracking in the pats, although the 
same cement in the briquettes proved all right. 

In order to study the influence of mixing water of varying 
temperature upon the tensile strength of briquettes. kept 24 
hours in moist closet and the remainder of the period in water 
at normal laboratory temperature, a special series was made 
and results will be found in Table IV. 

The Chairman of this Committee desires to express his 
appreciation of the painstaking and generous codperation, and 
of the courteous and helpful correspondence received from all 
members of the Committee throughout the year. 
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TaBLe I. Sample No.1. Quick Setting. (An Eastern Cement.) 


The Influence of varying temperatures of the Gaging Waters upon 
the setting properties and tensile strength of neat Portland Cement. 


FINENESS. Residue on No. 100 sieve....... 1.0 per cent. 
SND CUM ies WW iicie cis vc savs36eo ** 

NorMAL TEsT. Temperature of Water................ 70° F. 

oi OF UR Wc dx 0'sd.a 6 0'5.c da oO 

ay, ~  RERbee Chaat vi. oes ois so bis 68° F. 


Initial set, immediate. 
Final set, 4 hours, 15 min, 


Constancy of volume, 28 days in air......0. K. 
Constancy of volume, 1 day in moist air, 
NE in SSeS oe hele Sed O. K. 
ACCELERATED TEsT. Constancy of volume, 1 day in moist air, 
Pe PRUE ahs cet eee cisaess evO, K, 
ANALYSIS, Silica (SiO,)..................22.00 per cent. 
Alumina and Iron (Al,O, and 
| ESS ne a ae Siete 
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Magnesia (MgO).............. a Sai 


Anhydrous Sulphuric Acid (SO,) 0.36 


NORMAL TENSILE Tests (2 briquettes each period, nor- 
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24 hours neat ...................Average 210 
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Speciric GRAVITY 3-14 


Pats and briquettes exposed in dry air, at temperature of about 
110° F, 
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TaBLeE I (Continued). 


Water. Setting Time. Tensile Tests. 

nee diciaek alle, is | = 

Temperature. | Per cent. Initial. Final. | 24 hours. 7 days. | 28 days. 

25 ae be a eee ix | 
MOF seoeses 21.5 I 20 130 323 350 IN 
1s3 j°° 2§0 | S 
go° F.......] 22.5 | 1 20 | 164 | aor | 393 |N 
| 146 142 | S 
So°?.......) 224 2 1 45 | 170 | 2972 | 372 N 
A 160 165 S 

J 
. o pee 
er Pascenss 22.0 & 2 00 171 236 232 |N 
& 135 132 S 

| — | 

| | 
tt 22.3 2 150 273 | 398 N 
139 1449 |S 
se0° F....0.. 1. £63 | 2 40 | 130 e771: .gs9 N 
110606] s-130 S 

} | | 

| | | 
ree? PF .cck, eat ois 3 00 | 174 «| «+2849 «©| «6366 N 
154 125 Ss 

| } | | 
cen” F402. 23.1 oa | 3.80 148 | 275 339 «€©| N 
164 200 |S 

| 
BO Pasices-s 24.6 eo ee 192 258 302 |N 
155 170 |S 
Boiling...... .| 26.2 1 oo | 4 00 185 332 320 |N 
145 132 | S 





Note.—N indicates neat briquettes. 
S indicates mortar briquettes mixed 1 to 3. 


TasLe II. Sample No. 2. Normal or medium as to setting time. 
(A Western Cement.) 


The influence of varying temperatures of the Gaging Water upon the 
setting properties and tensile strength of neat Portland Cement. 


FINENESS. Residue on No. roo sieve....... 5.0 per cent. 
FOG BOO GWG iiss vss vec cecswcs 21.6 r 
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NORMAL TEsT. 


ACCELERATED TEST 


ANALYSIS. 


TABLE II (Continued). 


Temperature of Water.................70° F. 
” RES A 
* Moist Closst.............68° F. 
Initial set, 4 hours, 15 min. 
Final set, 8 hours, 15 min. 
Constancy of volume, 28 days in air......O. K. 
Constancy of volume, 1 day in moist air, 
SE I 5) 5s oer wan encs sot O. K. 
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Silica (SiO,)..................22.12 per cent. 
Alumina and Iron (Al,O, and 


MS Cabs ss o Said bes cba. 0% ee. 
SOUS e coc t ese acte M38 sy 
Ms os a 5 6 Sb ee resem 62.28 - 
Magnesia (MgO).............. ae = 


Anhydrous Sulphuric Acid(SO,) 1.60 ‘“ 


NorMAL TENSILE Tests. (2 briquettes each period, nor- 
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TaBLeE III. Sample No. 3. Slow setting. (A Western Cement.) 


The influence of varying temperatures of the Gaging Water upon the 
setting properties and tensile strength of neat Portland Cement. 


FINENESS. 


NORMAL TEsT. 


ACCELERATED TEST. 


ANALYSIS. 


NORMAL TENSILE TESTS. 


SPECIFIC GRAVITY. 


Residue on No. 100 sieve....... 3-6 per cent. 

ae kt, ia = 

Temperature of Water... ..........056% 70° F. 
2 gee Eee 8! 
re el 68° F. 


Initial set, 8 hours, oo min. 
Final set, 16 hours, oo min. 


Constancy of volume, 28 days in air.....O. K. 
Constancy of volume, 1 day in moist air, 
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Constancy of volume, 1 day in moist air, 
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TaBLe III (Continued). 


Pats and briquettes exposed in dry air, at temperature of about 


























110° F. 
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Water. Setting Time. Tensile Tests. 
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Note.—N indicates neat briquettes. 
S indicates mortar briquettes mixed 1 to 3. 
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TaBLeE IV. Sample No. 4. Cement from the Lehigh Valley District. 


Varying temperatures in mixing water. Briquettes kept in moist 
air closet 24 hours and remainder of time in water at normal laboratory 








temperatures. 
FINENESS. Residue on No. 100 sieve....... 7.4 per cent. 
ae, Sean eae eae 23.4 9 
SETTING. Normal test, initial 155 min. 
Final, 345 min. 
SOUNDNESS. Normal and Accelerated............... K. O. 
Mixing Water. Tensile Strength, Ibs. per sq. inch. 
Fes Neat Cement. 1-3 Standard Sand. 
ideas |. WO we 
Temperature. Per cent. Per cent. 
7 days. 28 days. 7 day. 28 day. 
7 Oe 22 570 658 | 9 164 | 306 
gh Tee 22 589 680 | 9 } 208 | 321 
So 22 581 649 | 9 fae.) me ee 
Tee 22 606 698 | 9 240 «=| 337 
BAO” eas és 04: 22 586 | 634 9 | a19 | 312 
ge SAIS 22 580 627 9 sxe 4; 408 
SOO" Bose s ness 24 604 607 94 | 178 | 288 
eee 25 | 467 598 Io | 3149 | 267 
ANALYSIS. RU UME, 62a 26 es osu ec aes 23.58 per cent. 
Alumina and Iron (Al,O, and 
UNM bn he £4 0s '4 web hs bao de Fae 
NGA 60s bs gk ecko anda To 
Magnesia (MgO).............. is 


Anhydrous Sulphuric Acid (SO,) 1.30 “ 
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TaBLe IV (Continued). 


Report oF COMMITTEE ON TESTING CEMENT. 


Pats and briquettes exposed in dry air, at temperature of about 

















110° F. 
Water. | Setting Time. Tensile Tests. 
| ‘Sab iae! Seia aa eaeatee vib 
Temperature. | Percent. | Initial. Final. | 24 hours. 7 days. 28 days. 
40° F 20.3 249 299 396 N 
192 179 S 
} 
50° F 20.3 | 247 236 331 N 
Ss | % 207 194 . 
60° F 20.7 E } 311 331 379 N 
= Be 200 217 S 
75° F ‘ie ie a a 281 241 ' N 
_ « 238 273 S 
ne ~ 
eo7 F...:.. 21.4 5 5 249 234 359 N 
4 4 230 208 S 
NOG ond $88 = = 281 265 356 N 
| 234 294 |S 
Sta Fis 21.5 | 309 338 341 N 
| 153 242 S 
. 
ad ore Se MRE te |. $27 | 306 347 N 
236 292 S 
150° ee 24.5 | 319 261 228 N 
164 175 |S 
| | 
Boiling...... | 26.7 281 224 266 |N 
158 127 S 








Note.—N indicates neat briquettes. 
S indicates mortar briquettes mixed 1 to 3. 


While the rate of set in dry air at 110° F., in the above table, appears 
much accelerated over the normal, it is not so marked as in the case of 
another test reported under the same conditions, in which the retarding 
influence of the higher temperatures of mixing water also appears, results 
of which follow: 


SAMPLE. 
NORMAL SET. 
FINENESS. 


From Lehigh District. 
Initial 90 min., Final 380 min. 
Residue on No. roo sieve....... 





7.4 per cent. 
PUR a ahedes cot ese ves 23.4 ‘a 
SOUNDNEssS. Normal and Accelerated................ 


Pats exposed in dry air at 110° F. 


, 




















STANDARD No. 3. 


NATIONAL ASSOCIATION OF CEMENT USERS. 


PHILADELPHIA, PA. 


STANDARD SPECIFICATIONS 
FOR 


CEMENT HOLLOW BUILDING BLOCKS 


ApopTep JANUARY, 1908. 


REVISED JANUARY, 1900. 


REGULATIONS GOVERNING USE AND MANUFACTURE. 


Hollow cement blocks made in accordance with the follow- 
ing specifications, and meeting the requirements thereof, may 
be used in building construction, subject to the usual form of 
approval, required of other materials of construction, by the 
bureau of building inspection. 

The cement used in making blocks shall be Portland cement, 1. Cement. 
capable of passing the requirements as set forth in the “Standard 
Specifications for Cement,” of the American Society for Testing 
Materials, and adopted by this Association (Standard No. 1) 

January, 1906. 

The sand used shall be suitable siliceous material, passing 2 Sand. 
the one-fourth inch mesh sieve, clean, gritty and free from— 
impurities. 

This material shall be clean broken stone, free from dust, 3. Stone 
or clean screened gravel passing the three-quarter (34) inch, Aggregate 
and refused by the one-quarter (14) inch mesh sieve. 

The barrel of Portland cement shall weigh 380 pounds net, 4. Unit of 
either in barrels or sub-divisions thereof, made up of cloth or ie 
paper bags, and a cubic foot of cement shall be called not to 
exceed 100 pounds or the equivalent of 3.8 cubic feet per barrel. 

Cement shall be gauged or measured either in the original pack- 
age as received from the manufacturer, or may be weighed and 
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so proportioned ; but under no circumstances shall it be measured 
loose in bulk. 


For exposed exterior or bearing walls. 

(a) Hollow cement blocks, machine made, using semi-wet 
concrete or mortar, shall contain one (1) part cement, not to 
exceed three (3) parts sand, and not to exceed four (4) parts 
stone of the character and size before stipulated. When the 
stone shall be omitted the proportions of sand shall not be 
increased, unless it can be demonstrated that the percentage of 
voids and tests of absorption and strength allow in each case 
of greater proportions with equally good results. 


(b) When said blocks are made of slush concrete, in indi- 
vidual molds and allowed to harden undisturbed in same before 
removal, the proportions may be one (1) part cement to not 
exceed three (3) parts sand and five (5) parts stone, but in this 
case also, if the stone be omitted the proportion of sand shall 
not be increased. 


Thorough and vigorous mixing is of the utmost importance. 

(a) Hand mixing. The cement and sand in correct pro- 
portions shall first be perfectly mixed dry, the water shall then 
be added carefully and siowly in proper proportions and thor- 
oughly worked into and throughout the resultant mortar; the 
moistened gravel or broken stone shall then be added, either by 
spreading the same uniformly over the mortar, or spreading the 
mortar uniformly over the stones, and then the whole mass shall 
be vigorously mixed together until the coarse aggregate is 
thoroughly incorporated with and distributed throughout the 
mortar. 


(b) Machine mixing. Preference shall be given to 
machine mixers of suitable design and adapted to the 
particular work required of them; the sand and cement, or 
sand and cement and moistened stone shall, however, be first 
thoroughly mixed before the addition of water, and then con- 
tinued until the water is uniformly distributed or incorporated 
with the mortar or concrete; provided, however, that when mak- 
ing slush or wet concrete (such as will quake or flow) this pro- 
cedure may be varied with the consent of the bureau of building 
inspection, architect or engineer in charge. 
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Due care shall be used to secure density and uniformity in 7. Molding, 
the blocks by tamping or other suitable means of compression. 
Tamped blocks shall not be finished by simply striking off with 
a straight edge, but, after striking off, the top surfaces shall be 
trowelled or otherwise finished to secure density and a sharp 
and true arris. 


Every precaution shall be taken to prevent the drying out 8 Curing, 

of the blocks during their initial set and first hardening. A 
sufficiency of water shall first be used in the mixing to perfect 
the crystallization of the cement, and, after molding, the blocks 
shall be carefully protected from wind-currents, sunlight, dry 
heat or freezing for at least five (5) days, during which time 
additional moisture shall be supplied by approved methods, and 
occasionally thereafter until ready for use. 


Hollow cement blocks in which the ratio of cement to 9 Ageing. 
sand be one-third (1%) (one part cement to three parts sand) 
shall not be used in the construction of any building unti] they 
have attained the age of not less than three (3) weeks. 

Hollow cement blocks in which the ratio of cement to sand 
be one-half (1%) (one part cement to two parts sand) may be 
used in construction at the age of two (2) weeks, with the 
special consent of the bureau of building inspection and the 
architect or engineer in charge. 

Special blocks of rich composition, required for closures, 
may be used at the age of seven (7) days with the special consent 
of the same authorities. 

The time herein named is conditional, however, upon main- 
taining proper conditions of exposure during the curing period. . 

All cement blocks shall be marked, for purposes of identifi- 20, Marking. 
cation, showing name of manufacturer or brand, date (day, 
month and year) made, and composition or proportions used, 
as, for example, 1-3-5, meaning one cement, three sand and five 
stone. 

The thickness of bearing walls for any building where rz. Thickness 
hoilow cement blocks are used may be ten (10) per cent. less —_ 
than is required by law for brick walls. For curtain walls or 
partition walls, the requirements shall be the same as in the use 
of hollow tile, terra cotta or plaster blocks. 


32 
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12. Party Walls. Hollow cement blocks shall not be permitted in the con 


13. Walls— 
Laying off. 
14.  Girders 
or Joists, 
15. Limit of 
Loading. 
16. Sills and 
Lintels. 
17. Hollow 


Space. 


struction of party walls, except when filled solid. 


Where the face only is of hollow cement block, and the 
" backing is of brick, the facing of hollow block must be strongly 
bonded to the brick, either with headers projecting four (4) 
inches into the brick work, every fourth course being a header 
course, or with approved ties, no brick backing to be less than 
eight (8) inches. Where the walls are made entirely of concrete 
blocks, but where said blocks have not the same width as the 
wall, every fifth course shall extend through the wall, forming 
a secure bond, when not otherwise sufficiently bonded. All walls, 
where blocks are used, shall be laid up with Portland cement 
mortar. 


Wherever girders or joists rest upon walls so that there is 
a concentrated load on the block of over two (2) tons, the blocks 
supporting the girder or joists must be made solid for at least 
eight (8) inches from the inside face. Where such concentrated 
load shall exceed five (5) tons, the blocks for at least three 
courses below, and for a distance extending at least eighteen 
(18) inches each side of said girder, shall be made solid for at 
least eight (8) inches from the inside face. Wherever walls 
are decreased in thickness, the top course of the thicker wall 
shall afford a full solid bearing for the webs or walls of the 
course of blocks above. 


No wall, nor any part thereof, composed of hollow cement 
blocks, shall be loaded to an excess of eight (8) tons per super- 
ficial foot of the area of such blocks, including the weight of 
the wall, and no blocks shall be used in bearing walls that have 
an average crushing at less than 1,000 pounds per square inch 
of area at the age of twenty-eight (28) days; no deduction to 
be made in figuring the area for the hollow spaces. 


Concrete sills and lintels shall be reinforced by iron or steel 
rods in a manner satisfactory to the bureau of building inspec- 
tion and the architect or engineer in charge, and any lintels 
spanning over 4 feet 6 inches shall rest on block solid for at least 
8 inches from the face next the opening and for at least three 
courses below the bottom of the lintel. 

The hollow space in building blocks used in bearing walls 
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shall not exceed the percentage given in the following table for 
different height walls, except where blocks containing a greater 
percentage shall be proven by actual test to meet all the test 
requirements herein specified to the satisfaction of the bureau of 
building inspection, and in no case shall the walls or webs of 
the block be less in thickness than one-fourth their height. The 
figures given in the table represent the percentage of such hollow 
space for different height walls: 


Stories Ist 2d 3d 4th 5th 6th 
I and 2 33 33 

3 and 4 25 33 33 33 

5 and6 20 25 25 33 33 33 


Before any such material be used in buildings, an application 
for its use and for a test of the same must be filed with the 
bureau of building inspection. In the absence of such a bureau, 
the application shall be filed with the chief of any department 
having such matters in charge. A description of the material 
and a brief outline of its manufacture and proportions used must 
be embodied in the application. The name of the firm or corpora- 
tion and the responsible officers thereof, shall also be given, and 
changes in same thereafter promptly reported. 

No hollow cement blocks shall be used in the construction 
of any building unless the maker of said blocks has submitted 
his product to the full tests required herein, and placed on file 
with the bureau of building inspection, or other duly authorized 


18. Aqetiaaton 
‘or Use. 


19. Preliminary 
Test. 


official, a certificate, from a reliable testing laboratory, showing - 


that representative samples have been tested and successfully 
passed all the requirements hereof, and giving in detail the results 
of the tests made. 

No cement blocks shall be used in the construction of any 
building until they have been inspected and approved, or, if 
required, until representative samples be tested and found satis- 
factory. The results of all tests made, whether satisfactory 
or not, shall be placed on file in the bureau of building inspection. 
These records shall be open to inspection upon application, but 
need not necessarily be published. 











21. 


Additional 
Tests. 


Certificate 
of Approval. 


Test 
Requirements. 
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The manufacturer and user of such hollow cement blocks, 
or either of them, shall, at any and all times, have made such 
tests of the cements used in making such blocks, or such further 
tests of the completed blocks, or of each of these, at their own 
expense and under the supervision of the bureau of building 
inspection, as the chief of said bureau shall require. 

In case the result of tests made under this condition should 
show that the standard of these regulations is not maintained, 
the certificate of approval issued to the manufacturer of said 
blocks will at once be suspended or revoked. 

Following the application called for in clause No. 18 and 
upon the satisfactory conclusion of the tests called for, a certifi- 
cate of approval shall be issued to the maker of the blocks by 
the bureau of building inspection. This certificate of approval 
will not remain in force for more than four months, unless there 
be filed with the bureau of building inspection, at least once 
every four months following, a certificate from some reliable 
physical testing laboratory showing that the average of at least 
three (3) specimens tested for compression and at least three 
(3) specimens tested for transverse strength comply with the 
requirements herein set forth, the said samples to be selected 
by a building inspector or by the laboratory from blocks actually 
going into construction work. 

Hollow cement blocks must be subjected to the following 
tests: Transverse, compression and absorption, and may be 
subjected to the freezing and fire tests, but the expense of con- 
ducting the freezing and fire tests will not be imposed upon the 
manufacturer of said blocks. 

The test samples must represent the ordinary commercial 
product, of the regular size and shape used in construction. 
The samples may be tested as soon as desired by the applicant, 
but in no case later than sixty days after manufacture. 

Transverse Test. The modulus of rupture for concrete 
blocks at twenty-eight days must average 150, and must not fall 
below 100 in any case. 

Compression Test. The ultimate compressive strength at 
twenty-eight days must average one thousand (1,000) pounds 
per square inch, and must not fall below 700 in any case. 
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Absorption Test. The percentage of absorption (being the 
weight of water absorbed divided by the weight of the dry 
sample) must not average higher than 15 per cent., and must 
not exceed 22 per cent. in any case. 

Any and all blocks, samples of which, on being tested under 23. Condemned 
the direction of the bureau of building inspection, fail to stand er 
at twenty-eight (28) days the tests required by this regulation, 
shall be marked “condemned” by the manufacturer or user and 
shall be destroyed. 

Cement brick may be used as a substitute for clay brick. 24. Cement 
They shall be made of one part cement to not exceeding four pos: 
parts clean sharp sand, or one part cement to not exceeding three 
parts clean sharp sand and three parts broken stone or gravel 
passing the %4-inch and refused by the ™%-inch mesh sieve. In 
all other respects, cement brick must conform to the require- 
ments of the foregoing specifications. 


STANDARD METHOD OF TESTING. 


1. All tests required for approval shall be made in some 25. Method 
laboratory of recognized standing, under the supervision of the wal 
engineer of the bureau of building inspection or the architect 
or engineer in charge, or all of these. The manufacturer may 
be present or represented during said tests, if he so desires. 

Approval tests are made at the expense of the applicant. 

2. For the purposes of the tests, at least twelve (12) samples 
or test pieces must be provided. Such samples must represent 
the ordinary commercial product and may be selected from stock 
by the bureau of building inspection, or in the absence of such 
a bureau, by the architect or engineer in charge. 

In cases where the material is made and used in special 
shapes or forms, too large for testing in the ordinary machines, 
smaller sized specimens shall be used as may be directed. 

3. In addition to the tests required for approval, the weight 
per cubic foot of the material must also be obtained and recorded. 

4. Tests shall be made in series of at least three (3), except 
that in the fire tests a series of two (four samples) are sufficient. 

Transverse tests shall be made on full-sized samples. Half 


t 


— 
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samples may be used for the crushing, freezing and fire tests. 
The remaining samples are kept in reserve, in case duplicate or 
confirmatory tests be required. All samples must be marked for 
identification and comparison. 

5. The transverse test shall be made as follows: The samples 
shall be placed flatwise on two rounded knife edge bearings set 
parallel 7 inches apart. A load is then applied on top, midway 
between the supports, and transmitted through a similar rounded 
knife edge, until the sample is ruptured. The modulus of 
rupture shall then be determined by multiplying the total 
breaking load in pounds by 31 (three times the distance between 
supports in inches) and then dividing the result thus obtained 
by twice the product of the width in inches by the square of the 
R= 3 wl : 

2 bd? 
figuring the modulus of rupture for the hollow spaces. 

6. The compression test shall be made as follows: Samples 
must be cut from blocks, so as to contain a full web section. The 
sample must be carefully measured, then bedded flatwise in plas- 
ter of Paris, to secure a uniform bearing in the testing machine, 
and crushed. The total breaking load is then divided by the 
area in compression in square inches, no deduction to be made 
for hollow spaces; the area will be considered as the product of 
the width. by the length. 

7. The absorption test shall be made as follows: The sam- 
ple is first thoroughly dried to a constant weight, at not to 
exceed 212° F. The weight must be carefully recorded. It is 
then placed in a pan or tray of water, face downward, immersing 
it to a depth of not less than 2 inches. It is again carefully 
weighed at the following periods: Thirty minutes, four hours, 
and forty-eight hours, respectively, from the time of immersion, 
being replaced in the water in each case as soon as the weight is 
taken. Its comprehensive strength, while still wet, is then deter- 
mined at the end of the forty-eight hours period, in the manner 
specified in Section 6. 

8. The freezing test shall be made as follows: The sample 
is immersed, as described in Section 7, for at least four hours, 
and then weighed. It is then placed in a freezing mixture or a 
refrigerator, or otherwise subjected to a temperature of less 


depth in inches. No allowance should be made in 
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than 15° F. for at least twelve hours. It is then removed and 
placed in water, where it must remain for at least one hour, the 
temperature of which is at least 150° F. This operation is 
repeated ten (10) times, after which the sample is again weighed 
while still wet from the last thawing. Its crushing strength 
should then be determined, as called for in Section 6. 

9. The fire test is made as follows: Two samples are placed 
in a cold furnace in which the temperature is gradually raised 
to 1700° F. The test piece must be subjected to this tempera- 
ture for at least thirty minutes. One of the samples is then 
plunged in cold water (about 50° to 60° F.) and the results 
noted. The second sample is permitted to cool gradually in air, 
and the result noted. 

10. The following requirements must be met to secure an 
acceptance of the materials: The modulus of rupture for 
concrete blocks at twenty-eight days must average 150, and 
must not fall below 100 in any case. The ultimate compressive 
strength at twenty-eight days must average 1,000 pounds per 
square inch, and must not fall below 700 in any case. The 
percentage of absorption (being the weight of water absorbed 
divided by the weight of the dry sample) must not average 
higher than 15 per cent., and must not exceed 22 per cent. in 
any case. The reduction of compressive strength must not be 
more than 33'/, per cent., except that when the lower figure is 
still above 1,000 pounds per square inch, the loss in strength 
may be neglected. The freezing and thawing process must not 
cause a loss in weight greater than 10 per cent., nor a loss in 
strength of more than 33'/, per cent., except that when the lower 
figure is still above 1,000 pounds per square inch, the loss* in 
strength may be neglected. The fire test must not cause the 
material to disintegrate. 








Mr. Gill. 


Mr. Humphrey. 





TOPICAL DISCUSSION ON CONCRETE BLOCKS. 


On Frre-REsISTIVE PROPERTIES. 


Mr. J. Ropert Gitt.—At the last Convention Mr. Humphrey 
described the government tests on the fire-resistive properties 
of concrete blocks. I would like to ask if there has been any 
progress in that work during the past year. 

PRESIDENT RicHarp L. HuMpuHrey.—The investigations as 
to the fire-resistive properties of cement blocks have been con- 
tinued. Last year we tested some thirty panels, a large propor- 
tion of which were of blocks. Many webs of the blocks failed, 
and this year we have reinforced the webs. Owing to the dis- 
mantling of the old plant by reason of changes, the tests on these 
blocks will not be made until later in the year. 

In addition to panel tests we are now beginning at Pitts- 
burg a series of experiments on the rates of heat conductivity of 
concrete and mortars. The test specimens are panels of various 
mixtures. Electric couples are imbedded at different distances 
from the surface and heat is applied. The amount of heat is 
registered at certain intervals by the electric couples or thermom- 
eters with.the idea of determining the proper amount of insula- 
tion or the necessary thickness of concrete to protect a concrete 
wall from a fire of a certain intensity and duration. 

These fire tests are being made on relatively small specimens, 
with the object of studying the relative rates of the heat conduc- 
tivity of the various building materials which are really the basis 
of all fire investigations. The others are perhaps more spectac- 
ular, but this study is the real basic principle of the fire-resistive 
properties of various building materials. After these tests are 
completed the facts established will be applied to larger struc- 
tures, that is, structures that are actually comparable with existing 
buildings, for the purpose of studying just how these theories 
are borne out in the actual structure. 

The trouble with the cement block as with the clay tile lies 
in the lack of strength in the web to withstand the unequal rates 
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of expansion of the face and back, produced by high temper- Mr. Humphrey. 
atures. A material that is a comparatively good non-conductor 

of heat, when subject’ to a very intense heat on one face, will 
expand unequally, one face expanding more than the other. By 
reason of the fact that the material is a poor conductor it will 
expand one face more rapidly than the heat can be conducted 
through to the other side and unequal expansion results. The 
expansion will cause a cracking of the webs unless there is 
sufficient strength in them to overcome it. Now if the web of € 
a cement block is very thin and is made as many blocks are, of sf 
a very dry and very lean mortar or concrete, the strength is 
insufficient to resist the expansion and of course a crack occurs 

right across the web and that face may drop off. By increasing 

the thickness of the web and also by increasing the thickness of 

the walls of the block, you are providing a means of resisting 

this expansion. To secure a proper block, therefore, it is neces- 

sary to make it so strong that the web has sufficient strength to 

resist the expansion. One reason why we tried the experiment 

of putting reinforcement in the web was for the purpose of 
strengthening the web to resist such action. Cement mortar or 
concrete is deficient in tension and under such. conditions the 

block is subject to tensile stresses. 

In every case where we have tested blocks they have been 
allowed to cure at least sixty days, and some of them were con- 
siderably older. In some of the tests we are now making, the 
blocks have been cured six months, for the purpose of determin- 
ing whether a block that has dried out and is no longer green 
offers more resistance to fire than a green one. There is no 
doubt that a block that is quite green offers less resistance to 
fire than an old’ and thoroughly dried one for the reason that the 
moisture which is in the green block is volatilized by the heat, 
causing a sweating and disintegration of the block. . Of course 
as a rule fires do not strike reinforced concrete blocks until they 
are at least six months or more old, but there are cases where 
there may have been a fire immediately after or during construc- 
tion; but as a rule it is several years before a fire occurs. The 
older a block, the more advantageous it is for it, as far as its 
fire-resistive qualities are concerned. 











Mr. Chandler. 


Mr. Humphrey. 
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Mr. Witi1AM J. GENTHER.—I would like to ask whether a 
block with a reinforced web would fracture or have a crack? 

PRESIDENT HuMpPHREY.—I think it is quite probable that it 
would crack; but as long as the block is held together I do not 
know whether it would be a detriment. Of course, it is undesir- 
able to have any fracture at all, but the crack would only be a 
thin hair crack. 

I believe we are making a much better average cement block 
to-day than we were three or four years ago. At the same time, 
there is an immense number of poor blocks being made which 
have a detrimental effect on the industry, in that the man who 
makes a good block is at a decided disadvantage, because he must 
overcome the prejudice that has been caused by these bad blocks. 

Mr. Dana G. CHANDLER.—I have been told that concrete 
blocks made of blue stone would not stand a fire, but a bank 
building made of such blocks successfully passed through a 
severe fire. Due to a lack of water they were not sprinkled while 
hot. 

These blocks I refer to are faced with a 1-114 mixture and 
1-4 on the back. I would ask if you think the water would 
have any material effect on them. You can judge something 
about the heat, as the windows burned right out, frame and all. 

PRESIDENT HumMpHREY.—The effect of water on a hot con- 
crete building depends on a great many conditions. For instance, 
in the panel tests referred to, the panel was rolled right out of 
the furnace at a temperature of practically 1,700 degrees, and 
almost instantly quenched with cold water. In fact it was 
counterweighed so that it moved out in a fraction of a minute, 
and immediately a stream of water struck the heated surface. 
You can readily understand that when a white hot surface is 
suddenly quenched with water there results a contraction of this 
greatly expanded surface and it must necessarily do some damage, 
either by cracking or in the case of a weak block the surface 
begins to slough off. Blocks of 1-8 dry mixture do not show 
up very well; the disintegration is quite great. Blocks that are 
richer have the surface practically undamaged by this treatment. 
Now in a very hot fire the firemen cannot get as near as was-the 
case in these panel tests, because the heat will prevent it,—so the 
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water will not come in direct contact ; and besides if you produce 
a steaming effect on the water, as is often the case, it will help 
the cement to recrystallize, and you may restore the hardness 
of the surface if too much water has not been driven off. In 
other words the block that has been subjected to intense heat and 
the surface has been damaged by driving off the water necessary 
in the hardening of the cement, if subjected to moist atmosphere 
will absorb a certain amount of moisture and will again become 
hard. Of course there are cases where the fire is so hot and pro- 
longed as to destroy the coherence of the concrete and the water 
stream will wash into pieces. In the case of natural building 
stone, the surface when similarly treated spalls off, especially 
in highly crystalline stone of the character of granite. 

Mr. GENTHER.—A party tested two cement bricks by putting 
them both in a forge and heating them until they were practically 
red. One was dropped in a tub of water and the other was 
allowed to cool naturally. The brick dropped in the tub of water 
shrank one inch in width but not at all in length. The other 
brick was practically intact and you could not tell it had been 
in the fire. I think the mixture was about 1-4. 

PrEsIDENT HuMPpHREY.—AIl these phenomena are largely 
matters of expansion; it stands to reason that the smaller the 
piece subjected to the action of the fire, the less will be the effect 
of the expansion. For instance, a brick wall has a series of 
joints which are more or less compressible. The effect of heat is 
to expand it, but the joint takes up the compression, so that the 
destructive effect of the expansion is not so evident as in a much 
larger mass where there are fewer joints. So that is one reason, 
perhaps, why an ordinary brick wall will show up to sa great 
advantage in a fire. Of course, the bricks themselves are 
clearly of a fire-resisting character since they are burned at a 
high temperature. The story is practically the same for the 
cement brick as in the ordinary clay brick. Of course, the con- 
dition where you take a very small brick or block of cement 
mortar or concrete and put it into a furnace and surround it on 
all sides with heat, there is no way of conducting off the heat, as 
you have the very worst condition possible, and a condition 
you will not get in ordinary conflagrations. In such cases it is 
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. generally one face of the material that is subjected to the fire, 
and you have a mass back of it to conduct away the heat, and 
that very conduction of heat prevents the destruction of the 
exposed face. 


On Quatiry. 


Mr. Emice G. Perrot.—The question of concrete blocks 
is one that has occupied the attention of our firm for several 
years, and in the East we cannot get a satisfactory concrete block, 
from the simple fact that there is nobody who knows how to 
make them. We attempted to erect two buildings of concrete 
blocks, and I would not go through that experience again for what 
little I can get out of it. In one building a block maker said that 
the block would stand any test. It was a hydraulic pressed block. 
His process seemed to be excellent, so much so that we gave him 
the contract to construct the building of concrete blocks, with the 
understanding that the blocks must meet the requirements of the 
city of Philadelphia, which is a very fair test. In fact, it is 
almost the same as Standard No. 3 of this Association. The 
manager of the plant said that he could easily meet these require- 
ments, but the question of ignorance entered into the making of 
the blocks to such an extent that the requirements were not met. 
He was going to make blocks of 1-2-4 concrete, which ordi- 
narily would give a 2,000 pound compression test at 28 days. His 
I-2-4 mixture was simply this: I cement, 2 sand and 4 grit 
or crushed stone; so that it made a 1-6 mortar mixture and no 
concrete at all. As a consequence the blocks failed and we had 
to leave the block proposition and build the walls of brick. This 
was the end of the block proposition in Philadelphia as far as 
our firm was concerned. We are now waiting for an active man 
who knows his business to turn up in Philadelphia and we will 
construct buildings on the lines suggested, if we can get blocks 
that will stand the test, and there is no reason why they should 
not do it. 

Mr. J. Aucustine SmitH.—The greatest difficulty we find 
in the advancement of the use of concrete blocks has been the 
making of good blocks. I have had talks with architects and 
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they have no objections whatever to good concrete blocks but Mr. Smith. 


will not use the blocks being made in their locality. We have 
frequently gone to block manufacturers and told them the result 
of our experience. We instruct them how to make good blocks 
and they frequently claim to be making the finest kind of blocks 
and exhibit them. Well, it is enough to say that I would not 
use them, and yet they think they are making good blocks. 
Why? Because they do not apply themselves to their business 
and learn how; because they do not come to conventions where 
they may learn. If they do come they frequently do not attend the 
sessions where papers are read which will give them the knowl- 
edge necessary to improve the character of their product because 
they are too penurious to become members of this Association. 

Concrete blocks will be used, and are used, when they are 
well made. An architect is quite willing and glad to use them 
if he can get them properly cured, blocks that will fulfill what 
he requires in the construction of his building. It is, therefore, 
imperative that the concrete block manufacturer be impressed 
with the fact that unless he turns out good work he cannot 
succeed in selling his product. It may be used-in the shabby, 
ill-gotten looking buildings that are so frequently seen and which 
so seriously reflect upon the business of concrete block manu- 
tacturers, but there is a distinct movement, and a distinct develop- 
ment in this business that carries with it a good deal of con- 
solation to the man who is honestly trying to up-lift and up-build, 
and we see this in the fine buildings that are now being con- 
structed everywhere. It is the work of the manufacturer of 
machinery to up-lift the business by sending out literature, by 
sending out helpful hints to the manufacturer of blocks telling 
him what he should do and insist, if necessary, that this shall 
be done. It is better to refuse a sale than to sell machinery to 
a man who will make poor blocks, and I believe that unless this 
conclusion is concurred in by all machinery manufacturers, the 
business will not develop as fast as it should. 

Mr. W. F. WiseELoceLt.—One of the troubles with the blocks 
is that they are made too cheap. The material is too lean in the 
first place, and then the blocks are rushed out as fast as possible, 
put into the building the next day and the money received for 
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Mr. Wiselogel. them. I know of several instances where the blocks were put 
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into the buildings very nicely and looked all right. In about thirty 
days cracks appeared, caused possibly by a little pebble being in 
the mortar. The mortar was not strong enough to resist that 
cracking, and of course the block is condemned. I believe that 
the block business should be handled just as carefully as rein- 
forced concrete and sidewalks. 

Foundation bricks are almost eliminated in our section of 
the country and concrete is used to the top of the ground and 
two or three courses of concrete blocks. Everyone recognizes 
that blocks are good, but a man will ask as to what is the matter 
with his foundation when there is a crack clear through three 
rows of blocks. Generally the concrete was too fresh and there 
was no strength to it. The strength only comes as it grows old 
and crystallizes. We are in too big a hurry, that is our trouble. 
We try to have our blocks 60 days old and six months if possible. 


On LINTELS. 


Mr. Dana G. CHANDLER.—I have had some trouble with the 
cracking of reinforced lintels over doors. This was not caused 
by settling because the crack was the same width the whole dis- 
tance up and in the outside face of the wall. 

Mr. FreperickK E. Wyattr.—I have made a number of lintels 
but hayeslred no trouble. Sometimes in making concrete we are 
afraid atid make it a little too rich, and the richer the mortar 
the more liable it is to crack. I have had trouble in that way 
but never with a mixture of 1-2-4 or 1-2-8. I built two or 
three barns with lintels 10 ft. long, and only 8 ins. high. They 
were well reinforced and carried a story and a half above. I 
have had no failures at all. The more cement we have in con- 
crete, above a certain proportion, the more trouble we are liable 
to have with cracks. 

Mr. CHANDLER.—The mixture was 1-3. The lintels are 8 ins. 
high and 4 ins. thick, backed up with a wooden lintel on account 
of the casing. Another lintel is 8 ins. square, reinforced in each 
corner with a half-inch rod, and a facing of 1%-1 and the 
backing is of 1-4 or 5 mixture. I cannot understand why the 
lintel should break in the center and not pull away at the end. 
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Mr. Wm. GENTHER.—I am building a concrete house and 
have many lintels. I make the mixture 1-14, put them in place 
after three days and have no cracking. The lintels are properly 
reinforced however. 

Mr. CHANDLER.—The lintels are of a consistency so that we 
can trowel the face and make a nice smooth surface. They were 
fairly wet; not as wet as a sidewalk should be. 

The lintels over the doors being short were reinforced with 
3% in. rods; one in the bottom, one in the center and one in the 
top. In the large lintel I used ™% in. rods at the bottom and 
two % in. above with hooks on each end of the rods. 

Mr. GENTHER.—Does the wood block lie on the wooden 
lintel used back of the basing? If there is any pressure from 
above there may be a thrust which tends to push the stone out so 
that it would not be cracked on the rear. There may be a 
fracture there but it is only open in the front, the heft being on 
the outer edge as the wood will shrink. I use lintels, both on 
the front and back, of the same size, 4 ins., 2 or 4 ins. in a Io in. 
wall. 

Mr. S. F. Boyer.—I have made quite a number of lintels 
about 8 ft. long, reinforced with smooth galvanized wire. I had 
some trouble with them as they broke off entirely and since have 
been reinforcing with scrap iron from a washer factory, and I 
have had no trouble whatever. 


On CuRING. 


Mr. FrepertcK E. Wyatt.—One of my problems at the 
present time is the economical handling of blocks. I haul-them 
on trucks to the curing shed and unload them while green. After 
curing they are put on trucks again and taken to the storage 
yard. I intend to install a different system by which the blocks 
are put on the car and remain in the curing shed two or three 
days and are then hauled to the storage yard. I think the less 
a block is handled, especially while green, the better it is for the 
block and the more economical. A car will carry 8 or 10 blocks 
and for three or four machines which means about 150 cars, cost- 
ing from $12 to $15 acar. I believe, however, that it is the proper 
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way to handle blocks, and am informed that the cars can be placed 
under a hood and the steam turned on. Thus the blocks are 
dried in much less time than by natural drying and in 24 hours the 
cars can be run out on the other end into the storage yard. It 
appears to me as a very simple matter and an economical way of 
handling the blocks. 

Mr. W. F. WiseLoce..—In regard to making blocks fast, 
I was asked to look at a new make of block machine, last summer, 
and everything was ready, just as handy as could be, and they 
made 21 blocks in 15 minutes. The sweat was rolling off the 
fellows in good shape. Now the manufacturer guaranteed this 
machine to make 21 blocks in 15 minutes; and it was true that 
they did this, but it was only 15 minutes that they worked. This 
is the way the claims of 600 or 700 blocks a day originate. I 
have not been able to make that many. 

In the matter of curing, we installed a kiln. The blocks are 
placed upon a truck and run into the kiln, which uses a spray of 
exhaust steam. The result is a better cured and more beautiful 
block in a remarkably short time. By the old method if you 
were not careful a piece of the block is knocked off, or through 
some mishap it cracks and that crack never heals. The blocks 
are run in the kiln on the car, out to the transfer and placed in 
the storage yard. I believe it is the coming way to cure blocks 
as it makes them beautiful and you surely get the money out of 
them quicker. I believe the blocks should be put into the kiln 
and heated by steam, but to my mind the temperature should not 
be more than 80 to 100 degrees Fahrenheit. 

Mr. Wyatt.—I am putting up a curing shed about 50 by 
100 ft., adjacent to our mixing and manufacturing plant. There 
will be three lines of cars running into it by means of transfer 
tracks just the other side of the partition wall. Doors shutting 
off the curing shed will be provided, as the temperature there, 
about 75 degrees F., will be injurious to the mixing plant and too 
warm for the men. Our scheme is to run the cars on a transfer 
track and have the curing hoods on either side at the other end 
of the building. The cars will then stand six or seven hours before 
they get into the curing shed, four or six trucks will be placed 
in a steam heated section, after having been there over night they 
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will be ready to go to the storage yard, making room for the 
next lot. In that way we can probably run our temperature up 
to 75 or 80 degrees, using fine sprays which are of the Stearns 
type and give a vapor just like smoke for a radius of 30 ft. The 
sprayers are placed in the center of a pile of blocks about 30 ft. 
in diameter and keep them very moist in the curing room so as 
not to dry out. 

Mr. Dana G. CHANDLER.—I am installing a steam curing 
plant and would like to learn whether or not I should leave an 
air space under the doors at the end of the kilns. Some people 
claim there should be a circulation of air to help condense the 
steam, others claim the stearh should condense naturally. Again, 
where should the pipe be placed to properly distribute the steam 
in the kilns? 

Mr. E. S. Hanson.—A few weeks ago I visited a plant which 
began operations with the steam pipe coming in at the top of the 
kiln. After running this way for a short time, they went to the 
expense of changing the pipes to the floor, with a -view of 
obtaining better diffusion of the steam. There are some very 
successful plants which have their pipes coming in near the roof, 
and the owners believe it is just as satisfactory: It does not 
seem to me advisable to have very much open space under ‘the 
doors. 

Mr. A. T. Braptey.—The great trouble seems to be, when 
the steam comes in at the bottom, that many of the lower blocks 
are liable to cure faster than the others, provided they are tiered; 
and the great thing is to regulate the steam and the moisture so 
it will be as even as possible. 

Mr. F. A. FEATHERSTONE.—In the curing of cement blocks 
I find one of the great troubles has been the overheating of the 
blocks before they are sufficiently saturated with moisture. The 
ordinary cement block is made quite dry, with less moisture than 
is necessary for good concrete. The steam kiln is generally a 
very hot room, the temperature ranging from 120 degrees up to 
somewhere near the boiling point. All the water in the steam 
condenses on the ground, the walls, the tracks or the cars, and 
therefore, the air being dry, the effect on the blocks is to dry them 
out rather than to saturate them. My experience has been that 
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Mr. Featherstone. it is necessary to make blocks as wet as possible in the first place, 
and it is a very good plan, in case they are quite dry, to sprinkle 
them when they come in the curing room. The blocks should not 
go into the room immediately when hot water is used, it is not 
good practice, because the blocks are too warm to cause the steam 
to condense sufficiently. When the steam is discharged near the 
blocks themselves, it strikes the blocks, first and condenses there. 
Otherwise it will condense on the walls, cars and on the tracks, 
doing the blocks very little good. It is good practice to 
thoroughly wet dry blocks, to discharge the steam as near the 
tracks as possible and to have the pipes go through the walls 
so as to keep them hot and prevent condensation on them. The 
trucks should be kept quite hot and the temperature in the curing 
room should be quite low at first, as the new blocks go in. As 
there is a considerable mass of the blocks or bricks, they will 
remain cold long enough to prevent the steam condensing on the 
trucks. ‘ 

We have been following the above points on tubular pieces 
that we have used in forms for cement construction. We have 
not had much experience with cement blocks, but with thinner 
bricks we find that it is very necessary to have the steam condense 
directly on the bricks. We find very much better effects both in 
the speed of curing and in the quality of the brick. The great 
trouble with cement blocks is that they are liable to dry out 
during the first hour in the steam kiln more than they should. 

In the matter of the time necessary to properly cure blocks 
I find that anywhere from 24 to 48 hours gives a very satisfactory 
effect when the concrete is not too dry in the first place. If the 
mixture is very dry it is difficult to get a perfect cure. A very 
wet mixture, however, thoroughly mixed and put into the kiln as 
stated, is very often cured in 24 hours. Blocks started in the 

f morning can be taken out the next morning, but they should be 
kept in a moist atmosphere for a few days. In the case of pieces 
used for concrete forms, or concrete lumber, as it is called, thin 
pieces from I to 2 ins. thick, we find that in 36 hours we get a 
7-day test and in about 5 days, keeping them in a moist atmo- 
sphere 5 or 6 hours, we get a 28-day test. Cement blocks cured 
from 36 to 48 hours will give the same result. 
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It is not necessary to have the steam under pressure. It is Mr. Featherstone. 
really not steam curing but a hot water or moist airycure. No 
steam, as a rule, comes in contact with the blocks at all, but it 
is hot water vapor that condenses upon the surface. Therefore, 
it is a gradual sprinkling with very hot water, which is better 
than a high pressure steam cure, as it causes no chemical change 
in the cement. 

Mr. J. AUGUSTINE SmitH.—We are carrying on a series of Mr. Smith. 
experiments with regard to the question of steam curing and 
believe that the investigation will be complete enough to warrant 
us in giving you the facts as we find them. The work has been 
carried on for about three years, and the experiments show that 
the theories, in regard to steam curing under pressure, as held 
in the past have been entirely erroneous. Using identical aggre- 
gates, the same proportion of cement, curing by sprinkling the 
blocks under the most exacting and perfect conditions, that is 
eight hours of each day for six months or 172 days, we obtained, 
by steam curing under pressure for two days, with one-half the 
quantity of cement, the same strength as by sprinkle curing under 
the conditions named. 

In other words, using one part of cement to four parts of 
Merrimac sand we obtain a crushing strength of about 2,300 Ibs. 
per sq. in., at 172 days, the blocks being sprinkled each day, 
eight hours of the twenty-four. With steam curing under pres- 
sure, using the same identical aggregates and the same amount of 
cement, 7. ¢., the same mixture, we get a crushing strength of 
4,800 Ibs. per square in. Using the same aggregates in the pro- 
portion of 1 to 8, we get a strength of about 2,180 Ibs. per sq. in. 
or a little less than we secured with a I to 4 mixture under 
sprinkle curing for six months. The continuity of the strength 
of the stone has been demonstrated to our satisfaction. At one 
year it has shown a little greater strength than at two days. 

Desiring, however, to be perfectly sure of our ground we 
do not care to present the above information in tabulated form, 
and will not until we are thoroughly satisfied as to the absolute 
correctness of our tests. I just wish to give you this information 
because the development of the concrete block is naturally depen- 
dent upon the ability of the manufacturer to make it the equal, or 
the superior of any other building material. 
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Mr. G. F. Fricx.—I want to ask what pressure of steam, 
how many pounds pressure was used? 

Mr. Smitu.—The results as we found them were with a 
pressure of 140 lbs. per sq. in. as indicated by the steam gauge. 
The blocks were 24 hours old before entering the kiln, and were 
left there for 24 hours. Now then, the introduction of steam 
at that pressure must be done in a certain manner. We found 
that at 20 lbs. pressure we secured very little greater strength 
than with moist steam, and at 40 lbs. the advance was slight, but 
certain. At 80 lbs. the strength ran up tremendously and at 100 
Ibs. it was still greater. The maximum pressure we used was 
120 lbs., but we were carrying our tests along so as to obtain 
results at 180 lbs. which we think is the pressure that should be 
used. Until our experiments prove this we do not wish to make 
a definite statement. 

Mr. Ernest McCottoucu.—I would like to ask as to the 
construction of the chamber to withstand such pressure, as to the 
number of blocks cured at one time and as to the period for which 
they are kept at that temperature. 

Mr. Smitu.—The chamber is constructed especially for this 
character of work and is of % in. boiler iron of the best quality, 
fitted with a steel door, and it is, of course, a specially constructed 
kiln. The number of blocks is the number that will go in on a 
specially constructed car for the purpose. So far our experi- 
ments have been carried on with a small number of concrete 
specimens and we are now about to investigate the curing of 
blocks in large quantities. Those we have cured so far have 
been in individual lots, say 6 to 8. 

The experiments were carried on under perfect scientific 
conditions. The aggregate is measured by weight, also the water 
and the consistency was, in point of moisture, all that the cement 
should have, plus the surplus necessary for extraordinary absorp- 
tion by the atmosphere, that is to say about 8 to Io per cent. of 
moisture was used. 

Mr. O. B. Hutcuens.—I would like to ask the gentleman 
if any experiments with more than 8 per cent. of water have been 
made. 
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Mr. SmirH.—I think we made some experiments with 10 Mr. Smith. 


per cent. We were testing for what has been called dry tamped 
blocks, which is, of course, a misnomer. We were testing tamped 
blocks and trying to arrive at the proficiency of steam curing in 
relation to that form. We did not attempt to try it out on poor 
blocks. 

I would add that there is a great difficulty in using steam 
under pressure unless the kiln is prepared for it. We have been 
‘carefully gathering statistics with regard to exhaust steam, and 
it seems that no additional strength is obtained by curing a 
quantity of stone with exhaust steam. Pure acceleration is 
secured, that is the time necessary for complete curing is reduced 
from twenty-one to three or four days by the use of exhaust 
steam. If you withdraw the water from the moist steam, the 
exhaust steam, you will not secure as good results as with 
sprinkling the blocks. Steam curing is a matter that should be 
given very careful consideration, because it represents a develop- 
ment and an advance in the block industry that everybody will 
be able to take advantage of after the real facts are demon- 
strated. 

Mr. FEATHERSTONE.—I would like to make one suggestion 
on the subject of superheated steam, or rather steam under pres- 
sure, for creating additional strength, or bringing the strength of 
dry tamped concrete nearly to normal. Now it is well known that 
the dry mixture, not dry tamped mixture, but well graded and 
mixed concrete, during its forming will stand pressure from 3,400 
to 3,500 lbs. per sq. in. It is very true that 2,300 lbs. is very high 
for a tamped block, many of which do stand but 600 or 800 Ibs. 
pressure. If by a simpler method, either steam curing or moist 
atmosphere, we could use a much wetter aggregate it would be 
more efficient than first making a dry mixture, which is surely 
imperfect, and then using extreme means to increase the strength. 
By the latter method we still have the porosity which is the 
greatest evil of the concrete block. I think in steam curing we 
should consider a method for making a much better form of 
brick or block. The higher strength should be more easily 
attained than by first making the block dry and then attempting 
to cure it. 
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Mr. SmitH.—On the question of making good blocks we 
have learned from our investigations that the greatest cause for 
poor blocks is the lack of the proper amount of water. When we 
claim to cure blocks afterwards by sprinkling, you cannot put the 
water there which was not in the block at the beginning. It is 
absolutely essential that sufficient water is added to the concrete 
to make it good to begin with. To make good blocks it is abso- 
lutely necessary to make a proper selection of the aggregates, to 
secure the least number of voids. Then there should be sufficient 
cement to fill the voids and sufficient water to crystallize the 
cement. There is, however, a mistaken idea with regard to the 
amount of water necessary. Experiments that have been carried 
on in Germany, a country that is as far ahead of us as we are 
ahead of some other countries in concrete, have demonstrated 
that the cement having exactly the amount of water necessary to 
crystallize it, and no more, makes the strongest concrete. The 
amount must be determined by thé character of the aggregate; 
some take more, some take less. Some cement requires more 
water, some less. It is no easy matter to make good concrete 
blocks. ' 

Mr. L. D. Ew1rnc.—I have been experimenting as to the 
proper amount of water since 1902 and have made blocks in which 
the moisture was so plenty that in tamping the mixture in the 
mold box, the water ran through, with no difficulty to get the 
block from the machine. This mixture seemed to set very well, 
but later experiments have shown that from 8 to 1o per cent. of 
water, with the proper aggregates, makes the densest and the 
strongest concrete block. We have worked on that theory this 
past season with good results. 


GENERAL. 


A Mempser.—I have built two cement block silos this summer, 
16 ft. outside diameter, 14 ft. 9 ins. inside diameter and 34 ft. 
high. I plastered them inside with cement mortar. 

Mr. A. T. Braptey.—I think plastering is very necessary 
in order to keep the material, the ensilage, from coming through 
the joints after it begins working. I have heard of the joints 
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of silos being properly filled and the material oozing through 
later on and it is very necessary to plaster on the inside. 

A Memper.—I use wire about the size of a lead pencil every 
second course and make a half inch groove in the blocks about 
an inch from the face. 

Mr. WILLIAM J. GENTHER.—I would like to know if anyone 
has had trouble with end joints. Now in a great many blocks 
there is a 2 in. hollow space where they butt against the end. If 
the joint is perfectly straight through, many times you do not 
get the joint filled properly with mortar. If you are running a 
% or % in. joint, it is very difficult to fill it. To overcome this 
trouble I have milled my machine about '/,, in. so as to form a 
wedge. Any time the mortar is pressed in there, no matter how 
tight the joint, you can fill it because you can wedge it in. I 
never find any difficulty in the mortar dropping out, should it not 
adhere to the end. 

Mr. Georce J. Gitt.—I would like to ask whether in mixing 
the mortar hydrated or quicklime is used? 

Mr. BrapLtey.—Where the mortar is all cement, it appears to 
be set as quickly as the block is placed and you can do nothing 
with it. I use hydrated or quicklime, but only enough to keep 
the mortar soft. When a block is layed it is turned up, the 
mortar put on the end of the block and shoved up against the 
other block. We find that we can regulate the size of the joint 
much better. It is hard to keep the joints of the same size, and 
at the closure it is either too wide or too narrow. 

A Mempber.—I find in laying blocks that if they are 
thoroughly saturated before being placed in the wall, with a 1-2 
mixture of cement mortar, they can be very readily handled. 
I have had very good success this summer in placing such blocks. 

Mr. GENTHER.—On a large job you can saturate the blocks, 
but otherwise it is almost impossible to keep them all moist and 
there are some dry ones that will get in. In regard to the laying, 
I use a I-3 mixture and about half a sack of hydrated lime to one 
sack of cement. The 1-2 mortar will work with certain sands, 
but not with all. There is a great deal of difference in sand from 
different localities and it has a great deal to do with the pro- 
portion of cement and lime. 





Mr. Bradley. 


A Member. 


Mr. Genther. 


Mr. Gill. 


Mr. Bradley. 


A Member. 


Mr. Genther. 

















Mr. Prince. 








TOPICAL DISCUSSION ON REINFORCED CONCRETE. 


On CONSTRUCTION OF A CONCRETE DOME. 


Mr. GeorcGe C. Prince.—I would like to ask whether it 
would be feasible to cover a dome of a church with solid con- 
crete, the base being 72 ft..in diameter. We are at present 
covering it with slabs of concrete, perhaps 3 by 5 ft. or about that 
average in size. Of course, the size of the slabs naturally dimin- 
ishes towards the top. 

The style of architecture contemplated requires a dome 
almost hemispherical in shape, and we want to cover that dome 
all over with concrete. The present plan, according to our 
architects, has been to make the concrete in slabs with a rib in 
the top projecting upwards and a rib on the bottom on the next 
one above to hook over so as to form a water-tight joint. The 
perpendicular joints are then covered with a concrete cap setting 
over the upturned edges of these blocks. It occurs to me that 
with reinforced concrete the work can be done considerably 
cheaper and probably better, especially as to any leakage. 

Mr. A. E. Linpau.—A concrete dome of almost the same 
dimensions was built for the Naval Academy Chapel in Anna- 
polis, and was about 8 ins. thick. It was a shell without ribs, 
just a hemispherical shell of concrete, reinforced with bars hori- 
zontally and vertically. 

As far as computations on domes are concerned, they are in 
a very unsatisfactory state. There has been no theory advanced 
as far as I am aware, which takes into consideration the elastic 
properties of a material like concrete. All theories so far devised 
assume voussoir action, that is, a piling of one block upon the 
other, and the computations are merely confined to static action 
from a system of blocks of that kind. According to present 
theories the stresses are directly proportional to the thickness 
of the concrete or the unit load on the shell. In other words, it 
seems to make no difference how heavy or thin you make a con- 
crete shell the stress on the bottom of the dome remains the same. 
The danger is that the shell may be so thin that the slightest 
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deviation of the pressure, from the center of any load, would 
put such stresses in the dome as to cause a rupture either in com- 
pression or tension. 


On THE EFFect oF GASES AND SMOKE ON CONCRETE. 


Mr. EmiLe G. Perrot.—I would like to ask whether any 
data has been collected in regard to the effect of heat and smoke 
on reinforced concrete chimneys. In other words, is there any 
record of the durability of the oldest reinforced concrete chimneys 
that have been built in the United States? 

Mr. SAnrorp E. THompson.—A recent examination of one 
of the oldest reinforced concrete chimneys, built in 1898, with a 
wet mixed concrete, showed it in very good condition except that 
there were four long vertical cracks at quarter points on the 
circumference. I do not know the exact amount of horizontal 
reinforcement, but if it is sufficient to take the shear these cracks 
are not dangerous structurally. An examination of the interior 
of the stack had been made a short time before my visit, and the 
concrete was found to be in perfect condition. The reports in 
nearly all cases upon the interiors of concrete chimneys are 
uniformly that the concrete is unaffected by the heat where the 
gases are of ordinary temperature. In one case where the gases 
were discharged into the chimney at an excessivly high tempera- 
ture because of a blast, the concrete was injured. Of course to 
stand the stresses due to differences in temperature in the interior 
and exterior, the stack must be thoroughly reinforced hori- 
zontally as well as vertically. Durability and permanence depend 
upon both the design and the method of construction. 

A reinforced concrete chimney well designed should usually 
be cheaper than tile or brick construction and where the price is 
appreciably less I would recommend the concrete chimney from 
economic considerations. 

Mr. Water F. BaLitincer.—One objection that I have 
found to reinforced concrete chimneys is that they have to be 
laid up in a semi-dry state in order to move the forms the next 
day. This leaves a series of rings about 5 ft. high, and the 
shrinkage of the concrete in each separate ring makes quite a 
bad horizontal joint every 5 ft. The chimneys we have had 
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charge of have not been up long enough to show any ill effects. 
I have a fear that some day the water from the outside will get 
into the steel and combining with the sulphurous gases from the 
inside will cause the vertical steel bars to rust. This would leave 


between them to resist the wind pressure. If it were possible 
to make the chimneys of sloppy, wet concrete, so that the cement 
would get all around the bars and thoroughly protect them, I 
would feel more in favor of it. One chimney we did build in that 
manner, and that is all. . 

Mr. THompson.—I thoroughly agree on the point that a 
concrete chimney should be built with wet concrete, wet enough 
so that it will surround the steel and embed it at all points. This 
requires a mushy mix and it is perfectly practical to use this con- 
sistency. 

With wet concrete it seems frequently necessary to allow the 
forms to remain for two days instead of one, and in some cases 
two sets of forms are used to accomplish this. Wet concrete 
is perfectly feasible in chimney construction, and at one plant 
work is to be started this spring on that basis, with very complete 
specifications requiring a concrete of the same consistency and 
proportions as is used in first-class building construction. With 
a dry mixed concrete, which results in a porous mass, there is 
poor adhesion to the steel, and I consider that there is serious 
danger of water penetrating to the steel and rusting it. 

Mr. H. B. Anprews.—In building a 150 ft. stack in Nor- 
wich, Conn., three years ago, we used wet concrete with three 
sets of forms. We put in the concrete in the morning and moved 
the forms in the afternoon of the next day without any trouble. 
That chimney has been in existence three years and is in perfect 
condition, no cracks whatever showing in it and it has been very 
satisfactory. 

Mr. Perrot.—I would like to ask Mr. Andrews—he built 
a chimney for us in Salem, Mass., of blocks—whether he has 
seen that chimney lately and whether any cracks have appeared 
in the blocks. 

Mr. Anprews.—I had an opportunity of seeing that chimney 
about a month ago and the condition is the same as when it was 
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built, two years ago. There are a few cracks in the blocks which Mr. Andrews. 
were there originally, I think, due to handling while green, but 
no further cracks have occurred, and none in the joints. That 
is, there may be a continuation of one or two joints of the cracks 
that developed in the blocks, but no long cracks. 

Mr. A. E. Linpau.—In answer to the question in regard to Mr. Lindau. 
the effect of smoke and gases on concrete, it might be inter- 
esting to give some information I have received very recently 
from a lead-smelting company, on one of the largest rein- 
forced concrete stacks that has been built. The information 
came from the general manager in answer to a question as to the 
condition of the chimney at this time. The chimney is being 
worked under very unusual conditions, not only having the 
ordinary flue gases, but having them very heavily laden with 
sulpburous gases which would have a more corroding influence 
than the ordinary chimney gases. I was informed in a letter 
about a month ago that the chimney on the last examination— 
it had been in service about three years then—was in perfect con- 
dition. He said nothing about cracks, but that they were thor- 
oughly satisfied with the work. 

In regard to radial block chimneys, I recently saw one that 
had been built but a short time ago by an experienced firm and 
yet had a vertical crack for a considerable distance from the 
top. I understand that with expert workmen, such as they have 
in Germany, successful radial chimneys can be built. 

Mr. Perrot.—Answering the question of cracks, I think that Mr. Perrot. 
can be overcome very largely by an independent core. We have 
built regular brick chimneys, that is, regular standard brick 
chimneys, reinforced concrete chimneys, steel stacks and all kinds. 
Now we have all heard of brick chimneys cracking, we have had 
concrete chimneys crack, we have had radial chimneys crack. 
So I think it is largely a question of design as well as of material 
and workmanship. For instance, I do not believe in building 
any kind of chimney, no matter what it is, without an independent 
lining that can be taken down and replaced the same as in furnaces. 
I believe that anything in contact with heat should be made of 
some material that is refractory in its nature and made in such 
sizes as are easily taken down and replaced. I do not believe 
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in lining a reinforced’ concrete chimney with reinforced con- 
crete. If you ever want to reline it there will be trouble, because 
to take down the reinforced lining would be a difficult joh I 
believe in lining a reinforced concrete chimney with some kind 
of plastic material, say asbestos cement, on wire lath, leaving an 
air space between the chimney and the lining, or else lining it 
with brick or something that is in small units and can be taken 
down. 

Furthermore, in regard to the cracks in radial brick chimneys, 
we find that a radial brick chimney will crack if not lined with a 
core one-third of its height. I do not believe that it is possible 
to build a radial brick chimney, to-day, without a core to keep it 
from cracking. The Pennsylvania Railroad Company has a 
large concrete chimney without a core in Philadelphia, which is 
banded about every 6 ft. from top to bottom, due to the fact that 
it cracked. It is at the car shops where wood and shavings are 
burned in a return tubular boiler, and the heat from the wood is 
so great as to cause an expansion and contraction sufficient to 
create trouble. I do not care what chimney you build, you will 
have to put a core or lining in it. 

We have one building in which we put a Webber chimney, 
which has no air-space or lining. The chimney would be better 
if lined so as to prevent the scouring action of the heat as the 
flames strike the concrete and weaken the chimney. If the scour- 
ing action affects the lining, it can be taken out and replaced. In 
that way you will protect the exterior of the concrete shell which 
supports the chimney. I would not build a chimney and subject 
the structural parts to extreme changes of temperature. I think 
there should be a lining independent of the stack, so it can be 
replaced. 

Mr. Tuomrson.—The heat from an ordinary boiler is usually 
not over 300 to 500 degrees F. It is somewhat remarkable that 
the temperature varies so little between the bottom and the top 
of the stack, the heat being very nearly as great three-fourths 
of the way from the bottom as it is close to the bottom. A 
temperature of 500 degrees F. is not too high for concrete, as 
has been shown by frequent tests, and there is a question as to 
the positive necessity of a lining for a concrete chimney, although 
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I consider it advisable to use one in the lower part of the stack, Mr. Thompson. 
so that if the flame impinges on the concrete the principal shell 

will be protected. In any case there should be a good percentage 

of horizontal reinforcement, preferably spaced quite close to- 

gether, using bars of small size. 

Mr. Anprews.—I would like to ask Mr. Perrot if he would Mr. Andrews. 
line a concrete chimney in which the flue gases go through an 
economizer, where the temperature probably would not be over 
250 degrees. It requires a temperature of some 600 degrees to 
; dehydrate concrete, and if it is not dehydrated I do not think it 
deteriorates. 

Mr. Perrot.—My purpose in any engineering proposition Mr. Perrot. 
is safety and I believe a chimney is an important structure and 
one which cannot be inspected daily. Economizer temperatures 
are lower than those of ordinary flue gases. I do not doubt in 
the least that a chimney is all right with 200 or 600 degrees 
temperature, but there is also the question of longevity. I would 
line only about 200 ft. from the bottom, or in general a small 
percentage of the height, say one-third. 

Mr. BALLINGER.—We had an experience, about twelve years Mr. Ballinger. 
ago, with a big brick chimney which might throw some little 
light on the subject. It was before radial brick or concrete 
chimneys were popular in this country. This particular chimney 
was about 150 ft. high and we wanted to make it very good. We 
had 26 in. walls in the octagonal base, and a 4 in. brick lining or 
core, supported by header brick projecting into it at intervals 
around the chimney. In about a year cracks appeared on three 
sides of the base of the chimney, and on investigation we found 
that the brick lining had partly broken down. About two or three 
bushels of bricks of the lining were taken out of the bottom of 
the chimney. There was no opening to let the outside air into 
the space between the core or lining and the stack proper, this 
space being about 2 ins. wide. So we had holes about 8 x ro ins. 
cut into the chimney from the outside to this air space and put 
in registers. We then pasted paper over the cracks to ascertain 
whether they would extend any further, which they did not. 

The admission of outside air between the core and the stack 
prevented further expansion and contraction. I think this was 
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Mr. Ballinger. a case where the walls were too thick; making too great a dif- 


Mr. Anderson. 


Mr. Lindau. 


Mr. Perrot. 


ference in temperature betweeri the outside and the inside of the 
wall. I believe this was largely responsible for the cracks and 
the same thing would be true in a concrete chimney. If there is 
no lining used, the great difference in temperature between the 
outside and the inside would probably cause cracks, or have a 
tendency to, even though the chimney were well built. 

Mr. W. P. Anperson.—I have heard a good many railroad 
engineers object to concrete for the roof of roundhouses on the 
ground that the smoke from the engines affected the concrete. 
Has anyone had any experience in that line? I know that there is 
prejudice against using concrete, at least on the part of some 
railroad engineers, for the top of roundhouses. 

Mr. Linpau.—In the matter of the deterioration of concrete 
due to gases of various kinds a series of experiments were 
carried out in Germany at the testing establishment in Gross- 
lichterfelde. It was on this very question of corrosion of rein- 
forcement in concrete due to gases in the air or chimneys, such as 
CO and CO,. The experiments were carried out on beams that 
had been tested previously as to their use particularly for this 
purpose. They were tested under a load that developed, say 
16,000 to 18,000 lbs. per sq. in. in the steel, so as to cause the 
incipient cracks appearing at about that stress, or before. An 
arrangement was made whereby the gas was generated and con- 
veyed by means of rubber tubing to a metal envelope placed in 
the middle of the beam and sealed so that the gases would act 
directly on the edge of said beam. The load was arranged so that 
the gases would come in contact with the beam at various loads 
for a day or two at atime. The result was that there was no 
effect noticeable either in the strength of the concrete or in the 
corrosion of steel in any of these beams in which the stress in the 
steel did not reach the elastic limit. In other words, the beams 
had to be loaded up to a point beyond the elastic limit to affect 
the steel. 

Mr. Perrot.—In Philadelphia the authorities have seen fit 
to cover the plate girders forming the bridges which span the 
railroads with concrete, in order to protect the steel from the 
corroding action of the smoke. The city has also built reinforced 
concrete railroad arches. 
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Mr. ANDREws.—The city of Boston is also adopting con- Mr, Andrews. 


crete to protect their buildings where they are exposed to flue 
gases from locomotives. 

Mr. THomMpson.—Combustion is probably less perfect in 
locomotive boilers than in other boilers, and it is probable that 
the gas from them would be more injurious to the concrete than 
gas from the latter. The fact that concrete is used as a protec- 
tion from locomotive gases, and, in fact, as a protection from 
gases of various kinds, indicates that in most cases no danger 
need be expected where the concrete is properly laid. Certain 
fumes are, however, quite injurious. I noticed not long ago an 
interesting case of deterioration of concrete due to animal fat, 
in a concrete building occupied by a lard manufacturing firm. 
Fumes from the boiling fat impinged upon the concrete roof 
and completely disintegrated it. The walls of the same building 
were unaffected where the fumes did not come directly in con- 
tact with them. 


On Metuops or MEASURING CONCRETE WorK. 


Mr. W. P. Anperson.—We had a contract at unit prices 
on concrete for floor finishing per sq. ft., so much a sq. ft. for 
form work exposed to concrete, so much a cu. ft. for concrete, so 
much a lb. for steel. When we came to settle up there was a 
dispute as to how these quantities were to be figured, amounting 
to about $2,500 or $3,000. We always have figured without 
deducting for openings, for instance, as the number of sq. ft. of 
floor surface, we take the area of the surface covered. We make 
no deduction for a column, because there is more expense working 
around it. The same thing applies to form work; if there was 
a radiator or a little hole in the concrete work, we had more 
additional cost in the form work because we had to build it just 
the _. ~e, and in addition a frame around the opening to keep the 
concrete out. When we came to figure up the quantities, the 
owner deducted for all these things, deducted for every place 
where we put in an angle iron on the floor. Angle irons were 
used in some expansion joints and a little space left between 
them. We had to deduct for the angle irons because there was no 
finish there. It got to a point where we sued, but in preference 
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Mr. Anderson. to having an expensive litigation, which would have cost us 


Mr. Schuyler. 


Mr. Parsons. 


more than $2,500, we stopped the suit and swallowed our loss. 
The owner held some of our money back which we wanted, while 
I think we could have established our rights in court, the expense 
of the suit would probably have been more than the amount 
involved. 

Now I would suggest that some standard be adopted for 
concrete. There are standards in different sections for brick 
work ; and other trades. If a specification is drawn and it is not 
mentioned in that specification definitely how the work is to be 
estimated, and if it is brick work and done by the thousand or at 
a unit price, the custom goes. Now the owners claimed, in the 
case I referred to, that reinforced concrete had not been used 
enough and there was no universal practice that we could abso- 
lutely prove. I would suggest that we adopt some method for 
figuring those things so that when the architect lets a contract 
and the specifications do not definitely state how the units shall 
be figured, there will be something to fall back on in case of a 
dispute. 

Mr. Joun P. Scnuyter.—I am very glad this question was 
brought up. I put down a walk for a contractor and there was 
a curb on each side of that walk, 6 ins. thick. The contract called 
for the walk to be 15 ft. wide. The curb set right under the 
walk and extended into the ground 2 ft. There was nothing 
said as to how the walk was to be measured when I took the con- 
tract, which called for the walk to be 15 ft. wide. When the walk 
was measured for the contractor, it was claimed that the curb 
was 6 ins. wide on each side, leaving the walk only 14 ft. wide. 
The curbing is paid for by the linear foot. Now that would 
make about 400 ft. difference with me and I would like to know 
whether it is right or wrong. 


On Test oF A CONCRETE FLoor Due TO AN ACCIDENT. 


Mr. O. B. Parsons.—In supervising the concrete construc- 
tion for the Adjutant General’s Department of Ohio at Camp 
Perry, we had an experience in the way of an accident, which 
I believe to be of interest and possibly of benefit to many mem- 
bers of this Association, inasmuch as it demonstrates the actual 
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efficiency of reinforced concrete floors in withstanding not only Mr. Parsons 
heavy loads, but also extraordinary shocks. 
During the erection of the large Mess Hall, a misplaced guy 
line caused five of the steel roof trusses spanning 76 ft. and 
weighing about 12 tons, to fall from their respective places in 
the roof to the second floor, an average distance of 21 ft., thus 
subjecting the floor to the severest test of which I have any 
record of a floor withstanding without material damage to the 
same. 
In this case the only damage to the floor is illustrated in 














FIG. I. DAMAGE TO FLOOR BY FALLING OF STEEL ROOF TRUSS. 


Fig. 1, which plainly shows it to be almost too insignificant to 
bear mentioning. With the steel trusses it was decidedly dif- 
ferent ; nine of the chords consisting of steel angles 5 x 3 x % ins., 
in pairs, snapped off as though they were of pine. 

Fig. 2 shows one of the trusses that fell. It is a Pratt 
truss coming under the sloping ends of a hipped roof and 
buckled in the center until it dropped out of its pockets and fell 
unobstructed to the floor taking with it another 76 ft. truss of the 
Fink type and three half trusses, 20 ft. long, connecting it with 


the end wall. 
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Fig. 3 is a photograph of approximately 12 tons of steel taken 
about ten minutes after it fell upon a concrete floor less than 90 
days old, and which had been looked upon during the National 
Shoot by many who are as yet unfamiliar with the resisting 
qualities of reinforced concrete, and pronounced inadequate to 
support a crowd of people. 

This floor was constructed by molding slabs in the field, 3 ft. 
wide, 14 ft. 7 ins. long, and 2% ins. thick, reinforced with % in. 
twisted steel bars at intervals of 4 ins. running both ways and pro- 














FIG, 2.——-VIEW OF ONE OF THE ROOF TRUSSES. 


jecting 6 ins. all around the slab. These slabs were then placed 
upon the girders with the projecting steel overlapping. A 7% in. 
board was then placed underneath and the seams poured, after 
which 3 ins. more concrete and a % in. top dressing was spread 
over all, making a total thickness of 6 ins. 

The girders are 8 x 12 ins., reinforced with twenty-one 4 in. 
twisted bars, and are supported at their intersection by 8 x 8 in. 
columns which are so spaced as to make the floor panels 15 ft. 
4 ins. by 20 ft. respectively. The columns were reinforced with 
four 7% in. twisted bars hooped with No. 8 wire. 
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The concrete used throughout was a I-2-4 stone mixture 
and any skimping that may have been done was with the sand 
and stone, good measure predominating in the use of cement. 

This method of floor construction is not always economical 
in dispensing with false-work, but its greatest merit in my 
estimation, is the combined strength of the concrete and steel 
which is obtained by the steel in the slabs which form the bottom 
or tension chord of the floor, being brought in tension by means of 
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FIG, 3.—-VIEW OF STEEL TRUSSES AFTER THE FALL. 


supporting not only their own weight, but also that of the mixture 
which forms the top or compression chord before the latter has 
set. Whereas it is supported in a loose manner upon false-work 
until the concrete has become set, the deflection which must neces- 
sarily take place before any tensile stress is brought to bear upon 
the steel, will have cracked the concrete leaving only the tensile 
strength of the steel available for support. 

In constructing a floor even in this manner, I would advise 
everyone not to use this test as a base upon which to estimate 
the strength of their floor unless the liberal use of good Portland 


* 














Mr. Boyer. 


Mr. Ewing. 


532 ToricaL Discussion ON CONCRETE, 


cement, clean sand and thorough mixing are adhered to in the 
strictest possible manner. 


On GALVANIZED REINFORCEMENT. 


Mr. G. M. DoucHerty.—On the subject of galvanized rein- 
forcing there seems to be a question as to whether galvanizing 
the reinforcement does not make it more subject to corrosion. I 
have noticed that a galvanized staple placed in a post near the 
surface, is very subject to corrosion. Does anyone know whether 
there is any special chemical action in galvanized metals on the 
inside, when they are fairly covered with concrete? 

Mr. S. F. Boyer.—The galvanizing fills up the pores on the 
iron, so that the cement cannot take hold of the wire, and the 
result is a slipping of the wire. 

Mr. L. D. Ew1nc.—In the matter of galvanized steel sur- 
rounded by concrete, I am not very familiar with the protection 
given the steel and therefore unable to make any remarks about 
its lasting quality, but, in my experience as a contractor and 
builder in handling galvanized steel material, I have found that 
steel is very apt to corrode under the galvanizing. Hence, the 
concrete not coming into direct contact with the steel would not 
protect it against corrosion, and if rust should form under the 
galvanizing, the strength of the steel would be affected. 
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REPORT OF THE EXECUTIVE BOARD 
FOR THE 


YEAR ENDING DECEMBER 31, 1908. 


Object of the Association—We cannot emphasize too 
strongly the fact that this Association is primarily an educational 
institution, that it is not a commercial organization and that the 
exhibition which is coincident with the convention, permits a 
practical demonstration of many of the subjects under discussion 
at the Convention. Since the Association is not of a commercial 
character, we are dependent, in addition to the membership dues, 
on the revenue derived from the sale of space and from the nominal 
admission fees to the exhibition for the support of the Association. 

Meetings—While but two meetings of the Executive Board 
have been held during the year there have been, however, a 
number of meetings of its Executive Committee. This has 
resulted in a very large saving in the traveling expenses for the 
Executive Board meetings. It can be readily seen that with a 
large Executive Board, whose members are located at great dis- 
tances from each other, the expense of a meeting would be so 
great as to make it practically prohibitive with our present sources 
of income. This demonstrates the wisdom of the amendment to 
the By-Laws made at the last Convention providing for an Execu- 
tive Committee of the Board, whose duty shall be to attend to 
the business of the Association, during the intervals between 
Executive Board meetings. 

The difficulties in securing a suitable place wherein to hold 
this Convention and Exhibition, the fifth annual, have been as 
great as in previous years. It will be seen from the minutes of 
the Executive Board that three different places other than Cleve- 
land were considered, before the final location was determined, 
and the selection of a suitable location becomes each year a 
problem of greater difficulty with the demands for increased 
facilities. 
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Annual Statement of the Treasurer. 
RECEIPTS. 
Ee As ec eaesteseesen $1,731 56 
MS Ada d al vend don kvadiceesese $1,865 00 
Dues, Contributing Members .......... 800 00 
Publications, sales and advertising. ..... 1,329 40 
TS ee ee Tele uae les ob soe 72 25 
RE ASAE GEE Se 51 8&4 
OS RR a ee a a a 9 20 
ESSE a ee 6,650 67 
Receipts for the Year 1908....... $10,778 36 
Exhibition, Cleveland, 1909 (Collected 
A CE a paar 2,912 50 
mous: Mectiets ........... Re htaarkice ane $13,600 86 
EXPENDITURES. 
tei h adlis Ses nn slndekibres « $1,533 08 
a ae whos ns ks 175 00 
Postage, Printing, Stationery, etc. ..... 763 98 
ES 237 00 
Meetings, Executive Board ............ 483 67 
SNES Tae 7 GED EL” Ay A CS Oe 2,209 37 
Convention, Buffalo .........6.006..... 608 36 
I I es ncn s'c tawpaac.ce 4,848 80 
Ghee sss paces deaes 6c 14 26 
Expenditures for Year 1908................. $10,873 61 
Convention, Cleveland, 1909 (Paid in > 
BR ET Gaines oo ee Cae $217 25 
Exhibition, Cleveland, 1909 (Paid in 
ge Ge wien ec énene ses 203 33 
Honorarium, R. L. Humphrey, President, 
(Page 539, Volume V) ........... 800 00 
i 1,310 58 
Total Expenditures .............0.2+: $12,184 19 
Balance, December 31, 1908............00eeeeeees 3,238 23 


$15,422 42 


$15,422 42 
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PHILADELPHIA, 22d September, 1900. 


We hereby certify that we have audited the accounts of the Treas- 
urer of the National Association of Cement Users for the year ended 
31st December, 1908, and found that the dues collected as per the mem- 
bership records and receipts from sales of Publications, etc., have been 
properly accounted for, that the disbursements were substantiated by 
vouchers and the accounts otherwise correctly kept. 


The foregoing report of the Treasurer is in agreement with the 
books of account. 


(Signed) LysBranp, Ross Bros. aND MoNnTGOMERY. 
Certified Public Accountants. 


The above statement of the Treasurer speaks for itself, and 
indicates the continued conservative policy of the Executive 
Board. The expenses increase with the growth of the Associa- 
tion. The preparation of standard specifications, etc., require 
tlie expenditure of larger sums than heretofore, and for this rea- 
son we have felt it incumbent upon us, in providing for the best 
interests of the Association, to do all of this work in a thorough 
manner, and are glad to note that our increased income over last 
year, has been almost sufficient to meet these new and larger 
expenses. 

Proceedings.—The establishment of permanent headquarters 
has made it possible to issue the Proceedings of the last Conven- 
tion much earlier than heretofore. These Proceedings, exclusive 
of advertisements, contain 418 pages of printed matter and 
illustrations; the latter are much more comprehensive than here- 
tofore and the Proceedings have met the general approval of the 
members and others. 

The revenue thus far derived from the advertisements in the 
Proceedings is not sufficient to cover the cost of publication, but 
future sales will probably offset this, and may eventually yield a 
profit. 

Headquarters——Pursuant to the action taken at the Buffalo 
Convention, the headquarters of the Association were established 
at Philadelphia in the month of May, 1908. An assistant to the 
President was secured and clerical force employed for carrying 
on the detail work of the Association. The attendance of the 
Assistant to the President greatly facilitated the opening of the 
Exhibition and the handling of the details of the Exhibition and 
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Convention. We believe that with the experience thus gained 
the work at the next Convention will be handled with still greater 
ease. 

Exhibition —We believe that the members who have attended 
previous conventions will recognize that this exhibition is a step 
in advance of those preceding. This is shown in many ways, 
notably in the artistic arrangement of the booths and the attrac- 
tive display of exhibits. The exhibit spaces are the same size 
as those at Buffalo, but the Armory is smaller and the width of 
the aisles was reduced. 

It is gratifying to refer to the fact that long before the 
opening of the Convention, all of the floor space had been sold, 
and a considerable number of exhibitors had overflowed to the 
gallery, which indicates the interest of the exhibitors in the work 
of the Association. 

Contributing Members.—The importance of a fund derived 
from contributing memberships providing additional income, is 
self-evident. Those who are interested commercially in the 
industries the Association represents, will recognize the benefits 
resulting from its educational work and should aid by becoming 
liberal contributors to the Association. As a matter of fact, we 
are limited to increases in revenue to practically two sources— 
contributing and regular membership dues. 

Amendments.—The Executive Board suggests the following 
amendments to the By-Laws: 


Amend Article 1 by inserting after Section 2 a new Section 
3, and renumbering the remaining sections. 


Section 3. Any member contributing annually twenty or more dollars 
in addition to the regular dues shall be designated and listed as a Con- 
tributing Member. 


Amend Article I, old Section 3, by striking out all after the 
first sentence and inserting the following: 


The Secretary shall submit monthly to each member of the Executive 
Board for letter ballot a list of all applicants for membership on hand at 
that time with a statement of the qualifications, and a two-thirds majority 
of the members of the Executive Board shall be necessary to an election. 
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Insert after Article IV a new Article V, as follows :* 


Section 1. Proposed Standard Specifications to be submitted at the 
Annual Convention by a Sectional Committee, and as amended and 
approved, passed to letter ballot which shall be canvassed within sixty 
days thereafter. A majority of the votes, of not less than ten per cent. of 
the total membership, shall be necessary for adoption. 


Our President—The Executive Board desires to take this 
opportunity to direct the attention of the members of the Associa- 
tion to the efforts of its President, Mr. Richard L. Humphrey. 
The success of the Association, its convention and exhibition, is 
largely due to him and his personal efforts. Few of us perhaps 
appreciate the vast amount of detail work in connection with the 
editing and publishing of the Proceedings and Bulletins and the 
management of the Convention and Exhibition. 

- We know that the results he has accomplished have been at 
great sacrifice of his time and strength, and it is with pleasure we 
record in this marner our appreciation of his work. 

The Future of the Association.—It is the opinion of the 
Executive Board that if we adhere to the principles thus far 
enunciated as those of our Association, we shall have continued 
prosperity, and it is a pleasure to us to know that notwithstanding 
the depression of the last year, the Association has thrived. With 
the return of prosperity, are we too optimistic in suggesting that 
the year to come will be the largest and best of the Association? 

We congratulate you upon the success thus far obtained and 
look forward to the future with full confidence. 

Respectfully submitted on behalf of the Executive Board. 

MERRILL WATSON, 
M. S. DANIELs, 
Committee to Prepare Annual Report. 





* This new Article V was amended at the Convention to read as follows 

SecTION 1.—Proposed Standard Specifications to be submitted to the Association 
must be mailed to the members at least thirty days prnor to the Annual Convention, 
and as amended and approved, passed to letter ballot which shall be canvassed within 
sixty days thereafter, such specifications shall be considered adopted unless at least ten 
per cent. of the total membership shall vote in the negative.—Eb. 
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Boarp MEETING HELp May 25, 1908, House or THE AMERICAN 
Society oF Crvit ENGINEERS, NEw York, N. Y. 


Present: Richard L. Humphrey, President; Merrill Watson, 
M. S. Daniels, George C. Walters, A. T. Bradley, E. S. Larned, 
Charles D. Watson and W. W. Schouler, Vice-Presidents ; George 
C. Wright, Secretary; H. C. Turner, Treasurer. 

The minutes of the last meeting held on January 20 were 
read and approved. 

The President reported that he had transmitted a voucher 
for $100.00 to Mr. W. W. Curtis as instructed and read a letter 
from Mr. Curtis declining to accept the voucher. After dis- 
cussion the President was instructed to make settlement with 
Mr. Curtis. 

On motion, the President and Mr. Charles D. Watson were 
empowered to engage legal assistance in case of failure of 
negotiations to settle a claim against the Chamber of Commerce 
of the City of Buffalo in the matter of the payment of a bill for 
light, heat and janitor services at the Exhibition. 

The statement of Mr. Dai H. Lewis, manager of the Buffalo 
Convention, was presented, and on action, the Secretary and 
Treasurer were instructed to audit the accounts of Mr. Lewis 
and to take whatever steps necessary to release his bond. 

Motion was made and seconded that each advertiser in the 
Proceedings for 1908 receive one copy of the volume for each 
$10.00, or fraction thereof, of advertising. 

On motion, the President was authorized to have the text 
of the Proceedings electrotyped, such electrotypes to be the pro- 
perty of the Association. 

The place for the next Convention was then discussed, and, 
on motion, referred to the Executive Committee with the recom- 
mendation that Louisville, Ky., should satisfactory arrangements 
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be made, be chosen, provided that due consideration be given to 
Pittsburg should it offer satisfactory facilities within sixty days; 
and in the event of both cities being unable to provide the nec- 
essary facilities, the offer of Atlantic City be accepted. 

The following resolution, submitted in writing by Mr. San- 
ford E. Thompson, was on motion accepted. A copy of this 
resolution to be mailed to each committee chairman. 

All reports of committees which contain suggested specifications shall 
be submitted to the Executive Board before presentation to the Association, 
and copies of such reports shall be mailed to each member of the Execu- 
tive Board for criticisms and suggestions. Criticisms and suggestions made 
by the members of the Board shall be sent to the Board and also to the 
chairman of the special committee making the report, for consideration. 
In case they are not adopted by this committee the Executive Board may 
request their presentation to the Association as suggested amendments to 
ethe committee report. 

No committee report shall be given to the press or published for 
distribution except to the members of the Association, until formally 
adopted by the Association, and if in any case such reports are mailed in 
advance to the members of the Association, they shall be distinctly labelled 
as not being for publication. 


The President was authorized to prepare a pamphlet contain- 
ing a list of members, officers, committees, charter, by-laws and 
a short history of the Association ; also to issue separate reprints 
of all standard specifications adopted by the Association. 

The President was authorized to open suitable headquarters 
for the Association at Philadelphia. 

The action of the President in engaging Mr. Edward E. 
Krauss as assistant was approved. 

The President was instructed to communicate with those 
members who had been refused 1% fares to the last Convention 
stating the conditions. 

On motion, it was decided to segregate the working and non- 
working exhibits at the next convention. 

The Treasurer submitted his report which was approved. 

In pursuance of the resolution of the Association at the last 
Convention, the Board authorized the Treasurer to pay the Presi- 
dent the sum of $800.00 to reimburse him for all expenses to the 
close of the 1908 Convention. 

The meeting then adjourned. 
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CoMMITTEE MEETING HELD JUNE 25, 1908, Hore. TRAyYMoRE, 
ATLanTIc City, N. J. 


Present: Richard L. Humphrey, President; H. C. Turner, 
Treasurer; Merrill Watson and M. S. Daniels, members of the 
Executive Committee. 

The question of the place for the next Convention was 
thoroughly discussed and Young’s New Million Dollar Pier 
offered by Atlantic City for the purposes of the Convention was 
visited and the meeting again resumed at the Hotel Traymore. 

It was decided to adjourn to meet at the call of the Presi- 
dent. In the meantime an endeavor to be made to secure some 
proposition from the City of Pittsburg, Pa., and a more defi- 
nite proposition from the City of Louisville. In the absence 
of this information and the importance of the location of the 
next Convention, the Executive Committee did not deem it expe- 
dient to reach a definite decision at this time. 

Adjournment. 


CoMMITTEE MEETING HeELpD Juty 14, 1908, OrricE oF TURNER 
Construction Company, New York, N. Y. 


Present: Richard L. Humphrey, President; H. C. Turner, 
Treasurer; Merrill Watson and M. S. Daniels, members of the 
Executive Committee. 

The Executive Committee continued its deliberations con- 
cerning the place for the next convention, and after carefully 
considering the facilities offered by Pittsburg, Louisville and 
Atlantic City the following resolution was adopted. 

Resolved, That the President be authorized to enter into 
negotiations with the City of Louisville as a place for the next 
Convention, provided that the detailed arrangements are satis- 
factory to the President, and that in addition to the Exhibition 
and Convention halls and headquarters, the City of Louisville 
contribute $1,000.00 to the expenses of the Convention. Failing 
to accomplish this the President be authorized to select Atlantic 
City, upon arrangements of satisfactory terms. 

Adjournment. 
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CoMMITTEE MEETING HELD SEPTEMBER 24, 1908, OFFICE OF 
TURNER CONSTRUCTION CoMPANY, New York, N. Y. 


Present: Richard L. Humphrey, President; H. C. Turner, 
Treasurer; and M. S. Daniels, member of the Executive Com- 
mittee. 

The question of the place for the next Convention received 
very careful attention and it was decided to await the action of the 
Fiscal Court in Louisville before making any final decision in the 
matter. It was further decided to have a meeting of the Execu- 
tive Board immediately after the decision of the court is re- 
ceived. 

The discharge of the bond of Mr. Dai H. Lewis was 
approved. 

The Executive Committee decided that all matters pertain- 
ing to the work of the Publicity Committee, such as notices to be 
sent out, should receive the approval of the President before 
being published. It was also decided that wherever the various 
standing committees desired to issue circulars to outside sources 
that this work be done through the Philadelphia office. 

The proposition to allow 10 per cent. discount to libraries and 
dealers on prices of publications when requested, was agreed to. 

The meeting adjourned to meet at the call of the President. 


Boarp MEETING HELD OctToser 12, 1908, House oF THE AMERI- 
CAN Society oF Crvit ENGINEERS, NEw York, N. Y. 


Present: Richard L. Humphrey, President; George C. 
Wright, Secretary ; H. C. Turner, Treasurer ; and W. W. Schouler, 
George C. Walters, E. S. Larned, Merrill Watson, and Charles 
D. Watson, members of the Executive Board. 

The minutes of the meeting of the Board of May 25 were 
adopted as read. 

The minutes of the meetings of the Executive Committee 
on June 25, July 14, and September 24 were adopted as read and 
the action taken approved. 

The report of the Treasurer was approved as read. 

The report of the committee on the auditing of accounts 
of Mr. D. H. Lewis, manager of the Fourth Exhibition, was 
approved as read. 
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The President was authorized to take the legal steps neces- 
sary to collect the claim against the Chamber of Commerce of the 
City of Buffalo. 

The President was instructed to write a letter of acknowledg- 
ment to Mr. D. H. Lewis, manager of the Fourth Exhibition, 
thanking him for his services. 

The question of contributing membership was taken up and it 
was decided to recommend at the next Convention the following 
amendment to the By-Laws: 

Amend Article I by inserting after Section 2 a new Section 
3, and renumbering the remaining sections. 

Section 3. Any person contributing twenty or more dollars in addi- 


tion to the regular dues shall be designated and listed as a contributing 
member. 


It was decided to recommend to the next Convention an 
amendment to the By-Laws governing the adoption of Standard 
Specifications as follows: 

Insert after Article IV a new Article V as follows: 

Section 1. Proposed Standard Specifications shall be submitted at 
the Annual Convention by a Sectional Committee, and as amended and 
approved, passed to letter ballot which shall be canvassed within sixty 


days thereafter. Such specifications shall be considered adopted unless 
a majority of the total membership shall vote in the negative. 


In order to facilitate the work of the Association, it was 
decided to recommend the following amendment to the By-Laws 
governing the election of new members: 

Amend Article I (Old Section 3), by striking out all after 
the first sentence and inserting the following: 

The Secretary shall submit monthly to each member of the Executive 
Board for letter ballot a list of all applicants for membership on hand at 


the time with a statement of the qualifications, and a two-thirds majority 
of the Executive Board shall be necessary to an election. 


On motion, it was decided to adopt the new form of applica- 
tion blank for membership as presented by the President. 

The President presented a list of the applicants for member- 
ship received since the last meeting, and on motion their election 
was approved. 
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It was decided that new members joining after November 
first shall have their dues charged as of the succeeding year. 

The Committee on Contributing Membership presented a 
report of progress which was approved. 

The question of the management of the next Exhibition was 
considered and it was decided that the Assistant to the President 
give bond to the extent of $5,000, premium on the bond to be 
paid by the Association. 

The President was instructed to appoint a committee to 
consider the question of local associations and to report at the 
next meeting. 

On motion it was decided to allow the Committee on Art and 
Architecture a sum not exceeding $70.00 to cover expenses in the 
preparation of their report. 

The action of the President in issuing monthly circulars was 
approved. 

After a discussion as to the location of the next Convention 
it was decided to appoint a committee consisting of the Presi- 
dent and Charles D. Watson, with full power. 

It was decided that all authors of papers presented at the 
Annual Convention be entitled to fifty reprints. 

The Board considered the question of annual reports of 
Sectional Committees and decided to require all reports to be 
in the hands of the President by December 15, and that copies 
of such reports be furnished to the members of the Board within 
one week. 

The President presented the rules and regulations govern- 
ing the Exhibition and the form of contract, which were approved. 

Adjournment. 


ComMMITTEE MeetiInG He_p Decempser 14, 1908, Horet Victoria, 
New York, N. Y. 


Present: Richard L. Humphrey, President; H. C. Turner, 
Treasurer; Merrill Watson and M. S. Daniels, members of the 
Executive Committee. 

The Committee considered matters connected with the Fifth 
Annual Convention and Exhibition, and approved the suggestion 
of the President to award prizes for the most effective, artistic 
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and attractive exhibits. One hundred dollars was allotted for 
this purpose, to be divided as follows: 


EMMI se Goa uks <hdk o> sae $50.00 
SEE es PUES 5oh ie 9s.6 4 35 0:00 25.00 
Ee yee hs eh escent 15.00 
Te Re ae b oe dake ay oe'n ts 10.00 


It was tentatively agreed that a certificate of such award be 
given in addition to the cash prize. 

It was decided to provide music in the exhibition hall on 
Monday and Saturday. 

The Committee considered the question of passes, and agreed 
to the plan to issue passes to the members of regiments having 
headquarters in the Armory, also to the exhibitors and their 
attendants; such passes to be used as provided for in the rules 
governing the Exhibition. An invitation card to be printed. 
These invitations to be printed with the name of the exhibitor 
and in such quantities as desired. Tickets to be issued to exhibitors 
at the rates fixed in the rules, it being understood that these tickets 
must be paid for in full by the exhibitor which will be debited to 
the ticket account column and a refund made after the exhibition 
for those tickets which were not used. 


Boarp MeetinGc Hetp JANUARY II, 1909, 2 P. M., HoTet 
HOLLENDEN, CLEVELAND, OHIO. 


Present: Richard L. Humphrey, President; George C-. 
Wright, Secretary; and Merrill Watson, M. S. Daniels, George 
C. Walters, W. W. Schouler, members of the Executive Board, 
and Albert Moyer, Secretary of the Committee on Art and Archi- 
tecture, representing Mr. Charles D. Watson, Chairman of that 
Committee. 

The minutes of the meeting of the Executive Board held on 
October 12, and the meeting of the Executive Committee held on 
December 14, 1908, were approved as read. 

It was decided to appoint a committee consisting of the First 
Vice-President, Mr. Merrill Watson, and the Second Vice-Presi- 
dent, Mr. M. S. Daniels, to prepare the Annual Report of the 
Executive Board. 
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The President was instructed to appoint a committee of 
three to decide on the award of prizes as to the most attractive, 
effective and artistic arrangement of exhibits. 

It was decided to create the following Sectional Committees 
for the year 1909: 

Art and Architecture, 

Building Laws and Insurance, 
Machinery and Appliances, 
Concrete and Reinforced Concrete, 
Roadways, Sidewalks and Floors, 
Specifications for Cement Products. 


The question of allotting free passes to subscribers to the 
local fund was discussed and it was decided that they receive 
one pass for each $5.00 subscribed ; the same to apply to contri- 
buting members. 

It was the sense of the Board that each exhibitor be allowed 
passes for qualified attendants to the extent of two passes for 
each space taken. 

Adjournment until 9.30 P. M. 


Boarp Meetinc Hevtp JANuary II, 1909, 9.30 P. M., Horer 
HOLLENDEN, CLEVELAND, O8IO. 


Present: Richard L. Humphrey, President; George C. 
Wright, Secretary ; H. C. Turner, Treasurer; and Merrill Watson, 
George C. Walters, M. S. Daniels, W. W. Schouler, members of 
the Executive Board, and Albert Moyer, representing Charles D. 
Watson. 

On motion, the President was instructed to appoint a com- 
mittee to audit the report of the Treasurer. The President 
appointed Mr. Merrill Watson and Mr. M. S. Daniels. 

After discussion it was decided that Thursday evening, which 
had been set aside for entertainment, be devoted, from 8 to 10 
P. M., to the reading and discussion of papers and that after 10 
P. M. an informal reception be held. 

It was decided that the following additional Sectional Com- 
mittees be created: 


Exterior Treatment of Concrete Surfaces, 


Specifications for Fireproofing. 
35 
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On motion the following Nominating Committee on new 
officers was appointed: 


E. D. Boyer, Catasauqua, Pa., Chairman. 
J. E. Conzelman, St. Louis, Mo. 

QO. U. Miracle, Minneapolis, Minn. 

B. H. Rader, Pittsburg, Pa. 

George Taylor, Boston, Mass. 


It was decided that it is the sense of the Executive Board that 
the Nominating Committee should consider only the best interests 
of the Association in making its report. 

On motion the Committee on Resolutions was appointed as 
follows : 


W. C. Boynton, Detroit, Mich., Chairman. 
J. B. Foote, Chicago, Ill. 

F. D. Leslie, Cleveland, Ohio. 

Emile G. Perrot, Philadelphia, Pa. 

J. P. H. Perry, New York, N. Y. 


The amendment to the By-Laws covering the adoption of 
Standard Specifications referred back to the Board was con- 
sidered and revised to read as follows: 


Insert after Article IV a new Article V as follows: 


Section 1. Proposed Standard Specifications to be submitted to the 
Association must be mailed to the members at least thirty days prior to 
the Annual Convention, and as amended and approved, passed to letter 
ballot which shall be canvassed within sixty days thereafter, such speci- 
fications shall be considered adopted unless at least ten per cent. of the 
total membership shall vote in the negative, 


Adjournment. 


Boarp MeetinGc Hetp JANuary 14, 1909, Hore HOoLLENDEN, 
CLEVELAND, OH8IO. 


Present: Richard L. Humphrey, President; George C. 
Wright, Secretary ; H. C. Turner, Treasurer ; and Merrill Watson, 
M. S. Daniels and A. T. Bradley, members of the Executive 


Board. 
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On motion Mr. W. P. Anderson was elected to the Chair- 
manship of the Sectional Committee on Specifications for Cement 
Products. 

The Auditing Committee consisting of Mr. Merrill Watson 
and Mr. M. S. Daniels reported the annual statement of the 
Treasurer to be correct and the cash balance applying to the 


year 1908 to be $1,636.31. 
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REGISTER OF ATTENDANCE, 
FIFTH CONVENTION. 


Richard L. Humphrey, Philadelphia, Pa. 

Merrill Watson, New York, N. Y. 

M. S. Daniels, Suffern, N. Y. 

E. S. Larned, Boston, Mass. 

George C. Walters, Atlanta, Ga. 

George C. Wright, Rochester, N. Y. 

H. C. Turner, New York, N. Y. 

Leonard C. Wason, Boston, Mass. 

William H. Ham, Boston, Mass. 

Alfred E. Lindau, St. Louis, Mo. 

Sanford E. Thompson, Newton Highlands, Mass. 

L. V. Thayer, Minneapolis, Minn. 

C. W. Boynton, Chicago, III. 

W. P. Anderson, Cincinnati, Ohio. 

Spencer B. Newberry, Sandusky, Ohio. 

Abbey-Dodge-Brooks Concrete Company, Newark, N. J. 
Raymond E. Brooks. 

Aberthaw Construction Company, Boston, Mass. 
Leonard C. Wason. 

Adolph Adams, Kendallville, Ind. ° 

H. L. Adkins, Jonesboro, Arkansas. 

B. F. Affleck, Chicago, IIl. 

Carl Ahlfeld, Bayonne, N. J. 

Alge Brothers, Findlay, Ohio. 
Joseph Alge, Jr. 

Alma Cement Company, Wellston, Ohio. 
D. S. Hoover. 

American Cement Company, Philadelphia, Pa. 
Robert W. Lesley. 

American Clay Machinery Company, Willoughby, Ohio. 
L, W. Penfield. 
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American Hydraulic Stone Company, Denver, Col. 
Harmon H. Rice. 

American Steel and Wire Company, Chicago, III. 
H. S. Doyle. 

Anchor Concrete Stone Company, Rock Rapids, Iowa. 
Charles W. Bradley. 

Armstrong Concrete Specialty Company, Inc., Boston, Mass. 
A. B. Cochran. 

Ashland Steel Range and Manufacturing Company, Ashland, O. 
U. S. Shelly. 

Atlas Portland Cement Company, New York, N. Y. 
P. Austin Tomes. 

Frank E. Atwater, Cleveland, Ohio. 

Louis Auer & Son, Milwaukee, Wis. 
Joseph Fehrer, Jr. 

W. W. Ballantine, Cleveland, Ohio. 

Walter F. Ballinger, Philadelphia, Pa. 

F. M. Ballou Company, Providence, R. I. 
F. B. Follett. 

R. M. Balyeat, Van West, Ohio. 

H. L. Barker, Flatbush, N. Y. 

Henry A. Barkhausen, Green Bay, Wisconsin. 

F. S. Barnum, Cleveland, Ohio. 

F. Battjes, Grand Rapids, Mich. 

3attjes Fuel and Building Material Company, Grand Rapids, 

Mich. 

N. H. Battjes. 

Bayliss Concrete Stone and Brick Company, Bessemer, Mich. 
Jerome Z. Bayliss. 

A. L. Bender, Topeka, Ind.. 

Newton D. Benson, Providence, R. I. 

Berger Manufacturing Company, Canton, Ohio. 
W. L. Caldwell. 

Besser Manufacturing Company, Alpena, Mich. 
J. H. Besser. 

F. R. Bicklehaupt, Cleveland, Ohio. 

Alexander C. Birnie, Ludlow, Mass. 

Roy Black Engineering Company, Cleveland, Ohio, 
Roy Black. 
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Blaw Collapsible Steel Centering Company, Pittsburg, Pa. 
Jacob B. Blaw. 
Benjamin Blethyn, Washington, D. C. 
T. Hugh Boorman, New York, N. Y. 
M. Bovee and Son, Northville, Mich. 
Vernon D. Bower, New Trenton, Ind. 
Edward D. Boyer, Catasauqua, Pa. 
James Boyle, Freeland, Pa. 
H. T. Boylen, Buchanan, W. Va. 
Addison Brannin, Aberdeen, Miss. 
Brown Hoisting Machinery Company, Cleveland, Ohio. 
F. B. Burness, Kansas City, Mo. 
Buser Concrete Construction Company, Mount Morris, III. 
N. E. Buser, R. E. Buser. 
Butler Wood Fiber Plaster Company, Butler, Pa. 
S. C. Kelly. 
A. W. Cadogan, Usceola, Pa. 
Cadwell Silex Stone Company, West Windsor, Canada. 
C. W. Cadwell. 
Carlon Construction Company, Oskaloosa, Ia. 
George H. Carlon. 
Carey Construction Company, Cleveland, Ohio. 
J. D. Carey. 
Castalia Portland Cement Company, Sandusky, Ohio. 
Charles L. Johnson. 
Cement, New York, N. Y. 
R. B. Seers. 
Cement Age, Philadelphia, Pa. 
E. A. Trego. 
Cement and Engineering News, Chicago, III. 
William Seafert. 
Cement Era, Chicago, III. 
E. S. Hanson. 
Cement World, Chicago, Tl. 
C. R. W. Edgecomb. 
Central Construction Company, Wooster, Ohio. 
I. A. Andrew. 
Century Cement Machine Company, Rochester, N. Y. 
A. T. Bradley. 
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Chain Belt Company, Milwaukee, Wis. 
W. Rosebery. 
Dana G. Chandler, Sylvania, Ohio. 
William C. Charlton, Pittsburg, Pa. 
Chicago Portland Cement Company, Chicago, III. 
J. U. C. McDaniel. 
J. H. Chubb, Chicago, Ill. 
Cleveland and Pittsburg Coal Company, Cleveland, Ohio. 
P. P. Quayle. 
Cleveland Concrete Building Block Company, Cleveland, Ohio. 
R. W. Russell. 
Cleveland Furnace Company, Cleveland, Ohio. 
D. T. Croxton. 
Clover Leaf Machine Company, South Bend, Ind. 
W. O. Williams. 
J. H. Cochrane, Washington, D. C. 
D. M. Collier, Albany, N. Y. 
L. L. Compton, Wilmington, Ohio. 
Concrete, Detroit, Mich. 
Walter C. Boynton. 
The Concrete Age, Atlanta, Ga. 
George C. Walters. 
Concrete Engineering, Cleveland, Ohio. 
A. E. Warner. 
Concrete Products Company, New York, N. Y. 
Ross F. Tucker. 
Concrete Stone and Sand Company, Youngstown, Ohio, 
A. A. Pauly. 
Concrete Stone Company, Providence, R. I. 
E. D. Anthony. 
C. H. Connell, Youngstown, Ohio. 
A. B. Cook, Petersburg, Va. 
Corrugated Bar Company, St. Louis, Mo. 
John E. Conzelman. 
John H. Cramond, Manistee, Mich. 
A. J. Cromar, Brantford, Canada. 
Crossett and Lloyd Concrete Company, Binghamton, N. Y, 
Frank Crossett. 
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Crozier, Alfred O., Wilmington, Del. 

D. and A. Post Mold Company, Three Rivers, Mich. 
G. H. Dougherty. 

B. H. Davis, Hoboken, N. J. 

Harold M. Davy, Ottawa, Canada. 

Wilbur C. Deeds, Cuyahoga Falls, Ohio. 

Charles W. DeArmon, Piqua, Ohio. 

George W. De Smet, Chicago, III. 

Detroit Fireproofing Tile Company, Detroit, Mich. 
A. C. Raymond. 

Devine Concrete Company, Uhricksville, Ohio. 
W. B. Devine. 

Dietrichs Clamp Company, Little Ferry, N. J. 
Charles Dietrichs. 

J. A. Douglass, Alliance, Ohio. 

Wesley E. Dyer, Muskegon, Mich. 

Eagle Art Stone Company, Cleveland, Ohio. 
Edward J. Marquard. 

Eastern Concrete Machinery Supply Company, Akron, N. Y. 

Eastern Concrete Construction Company, Boston, Mass. 
William M. Bailey. 
George Taylor. 

Christian Eckhard, St. Louis, Mo. 

Edison Portland Cement Company, Stewartsville, N. J. 
M. S. Mallory. 

Joseph F. Eilbacher, Elizabeth, N. J. 

Arthur S. Eldridge, New York, N. Y. 

Elyria Lumber and Coal Company, Elyria, Ohio. 
H. B. Hecock. 

Emerson and Norris Company, Boston, Mass. 

Engineering Record, New York, N. Y. 
F. S. Henry. 

Davis Ewing Concrete Company, Bloomington, III. 
Davis Ewing. 

Ewing Concrete Machinery Company, Akron, Ohio. 
L. D. Ewing. 

Farquharson Realty Company, Flatbush, N. Y. 
J. W. Farquharson. 
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Edward R. Felix, Passaic, N. J. 

Frank F. Flickinger, Massillon, Ohio. 

William S. Fogle, Broadway, Ohio. 

J. B. Foote Foundry Company, Fredericktown, Ohio. 

Fort Wayne Cement Stone Company, Fort Wayne, Ind. 

J. A. Fowler, Waterville, Ohio. 

Samuel H. French and Co., Philadelphia, Pa. 
C. Weber Jones. 

G. F. Frink and Son, Elk Rapids, Mich. 
G. F. Frink. 

Garden City Sand Company, Chicago, III. 
S. W. Curtiss. 

Gary Iron and Steel Company, Cleveland, Ohio. 
Mr. Siddall. 

C. W. Gaylord, Chicago, III. 

General Fireproofing Company, Youngstown, Ohio. 
E. N. Hunting, D. S. Donahue. 

William J. Genther, Despatch, N. Y. 

R. A. Gibson, Hot Springs, Ark. 

George H. Gill, Surprise, Neb. 

J. Robert Gill, Chicago, III. 

Peter Gillespie, Toronto, Canada. 

James R. Gloyd, Cleveland, Ohio. 

M. K. Gochnauer, Appleton, Wis. 

E. P. Goodrich, New York, N. Y. 

Good Roads Magazine, New York. 
H. L. Powell. 

Frank A. Grady, Cuba, N. Y. 

B. A. Graves Company, Lexington, Ky. 
George T. Graves. 

W. S. Griswold, Elyria, Ohio. 

Albert Acton Hall, Piqua, Ohio. 

W. L. Hall, Dyersburg, Tenn. 

L. Hallowell, Findley, Ohio. 

Hansen and Nelson, Manistee, Mich. 
Christian Hansen. 

C. B. Hastings, Brookville, Pa. 

Leonard C, Hatch, Piqua, Ohio, 








554 REGISTER OF ATTENDANCE. 


Alfred G. Hathaway, Cleveland, Ohio. 

W. K. Hatt, Lafayette, Ind. 

Robert F. Havlik, South Bend, Ind. 

Hayden Automatic Block Machine Company, Columbus, Ohio. 
W. B. Simpler. 

William N. Hazen, New York, N. Y. 

Veeder Heasley, Youngstown, Ohio. 

Charles A. Hoff, Lykens, Pa. 

S. W. Hoffman, Zanesville, Ohio. 

W. C. Holmes, Portland, Ind. 

Henry N. Hooper, Cincinnati, Ohio. 

James G. Hopper, Ridgewood, N. J. 

A. C. Horn Company, New York, N. Y. 
A. C. Horn. 

Hot Springs Concrete Company, Hot Springs, Ark. 
C,. E. Marks. 

F. W. Howard, Hartford, Conn. 

Charles S. Howe, Cleveland, Ohio. 

B. A. Howes, New York, N. Y. 

Hutchens and Friske, Milwaukee, Wis. 
O. B. Hutchens. 

Ideal Concrete Machinery Company, South Bend, Ind. 
Mentor Wetzstein. 

Illinois Gravel Company, Princeton, Ill. 
C. F. Scott. 

Fred K. Irvine, Chicago, III. 

William R. Isley, Waverly, N. Y. 

F. M. Jackson Company, Akron, Ohio. 

E. E. Jackson, Fremont, Ohio. 

Jansen and Zoeller, Pekin, IIl. 
D. H. Jansen. 

Jeannette Concrete Construction Company, Jeannette, Pa. 
S. F. Boyer. 

Jeffer and Christopher, Ridgewood, N. J. 
Joseph H. Christopher. 

J. Y. Jewett, Denver, Col. 

Willard N. Jones, Corry, Pa. 

J. E. Jordan, Cuba, N. Y. 
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Kent Machine Company, Kent, Ohio. 
F. A. Kershaw. 

Kerlin Automatic Post Machine Company, Delphi, Ind. 
E. W. Bowen. 

A. J. Ketchin and Son, Tarriffville, Conn. 
W. M. Ketchin. 

William M. Kinney, Pittsburg, Pa. 

C. F. Kleiderer and Son, Henderson, Ky. 
C. F. Kleiderer. 

C. R. Knapp and Co., Philadelphia, Pa. 
C. R. Knapp. 

Knickerbocker Chemical Company, New York, N. Y. 
T. Hugh Boorman. 

Knickerbocker Company, Jackson, Mich. 
W. B. Knickerbocker. 

Knightstown Concrete Company, Knightstown, Ind. 
H. Watts. 

Koehring Machine Company, Milwaukee, Wis. 
Phil. A. Koehring, William J. Koehring. 

Adam B. Kraft, York, Pa. 

Lake Erie Builders’ Supply Company, Cleveland, Ohio. 
W. C. Runyan, Jr. 

Edward J. Landor, Canton, Ohio. 

Lawrence Cement Company of Pennsylvania, Plainfield, N. J. 
W. S. Gifford. 

J. B. Leach, Carthage, N. Y. 

David B. Ledlie, Saratoga Springs, N. Y. 

John A. Leffler, Hazleton, Pa. 

Lehigh Portland Cement Company, Allentown, Pa. 
P. A. Jaundernal. 

H. A. Lensing, Evansville, Ind. 

Frank Lewis, Harpursville, N. Y. 

Fred T. Ley and Co., Inc., Springfield, Mass. 
M. W. Denman. 

T. Linday, Erie, Pa. 

B. F. Lippold, Chicago, III. 

Samuel Liston, Mansfield, Ohio. 

Livonia Cement and Block Factory, Livonia, N. Y. 
John Nickerson. 
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Walter O. Lloyd, Binghamton, N. Y. 

P. F. Longacher and Co., Elkhart, Ind. 
P. T. Longacher. 

Samuel Lutton, Point Pleasant, W. Va. 

George V. Lynn, Pen Argyl, Pa. 

Macafee Concrete Company, Athens, Pa. 
S. B. Macafee. 

J. C. Manning. 

E. P. Mantz, Frederick, Md. 

Arthur J. Maynard, State Farm, Mass. 

F. K. Mayne, Blue Springs, Neb. 

Ernest McCullough, Chicago, III. 

George B. McMillan, Cleveland, Ohio. 

Samuel MacMullin, Riverton, N. J. 

John R. McVey, Cuba, N. Y. 

Meriden Concrete Company, Meriden, Conn. 
Edward L. Montgomery. 

Merritt and Co., Camden, N. J. 
G. D. Wilson. 

Michall and Hart, Mahanoy City, Pa. 
O. J. Michall. 

Charles R. Miller Company, Inc., Memphis, Tenn. 
Charles R. Miller. 

Charles M. Mills, Philadelphia, Pa. 

John R. Minnick, Longport, Atlantic City, N. J. 

Miracle Pressed Stone Company, Minneapolis, Minn. 
O. U. Miracle. 

R. O. Miracle, Helena, Mont. 

William Morton, Cleveland, Ohio. 

Albert Moyer, New York, N. Y. 

Multiplex Concrete Machinery Company, Toledo, Ohio. 
W. R. Dawson. 

Municipal Engineering and Contracting Company, Chicago, III. 
T. M. Meek. 

Samuel Munnel, Canonsburg, Pa. 

National Roofing Company, Tonawanda, N. Y. 
F. A. Fuller. 

National Wire Cloth Company, Sandusky, Ohio. 
George T. Schade. 
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B. F. Neff and Son, Bryan, Ohio. 
B. F. Neff. 

New England Cement Stone Company, Norwood, Mass. 
George E. Sanborn. 

New Jersey Cement Construction Company, Newark, N. J. 
Clifford F. MacEvoy. 

Nice-Rasor Company, Barberton, Ohio. 
C. O. Rasor. 

J. Frank Norris, Rochester, N. Y. 

Northwestern Expanded Metal Company, Chicago, III. 
A. J. Maul. 

Norwalk Vault Company, Norwalk, Ohio. 
C. L. French. 

Ogden and Cadmus, Bloomfield, N. J. 
E. L. R. Cadmus. 

Oneida Community, Limited, Oneida, N. Y. 
Theodore H. Skinner. 

Ornamental Stone Company, Lansing, Mich. 
L. C. Briggs. 

©. B. Parsons, Camp Perry, Ohio. 

Joseph Patterson, St. Marys, Canada. 

Payne Cement Company, Mansfield, Ohio. 
J. E. Payne. 

Peerless Brick Machine Company, Minneapolis, Minn. 
L. V. Thayer. 

Pennsylvania Cement Company, New York, N. Y. 
William Beck. 

Emile G. Perrot, Philadelphia, Pa. 

Don J. Perry, Quebec, Canada. 

Thomas Phillips Company, Akron, Ohio. 

F. S. Phipps, St. Joseph, Mo. 

Plainfield Cement Stone Company, Plainfield, N. J. 
R. G. Bush. 

M. C. Platt, Pittsburg, Pa. 

Harry Franklin Porter, Philadelphia, Pa. 

L. E. Porter, York, Neb. 

W. Porter, Mackinaw, II. 

Charles M. Potter, Naugatuck, Conn. 
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George C. Prince, Camden, N. J. 

George B. Pulfer, South Bend, Ind. 

Herman E. Rackle, Cleveland, Ohio. 

B. H. Rader, Pittsburg, Pa. 

Radtke-Walter Company, Monroe, Mich. 
August Radtke. 

Lloyd E. Ragan, Schenectady, N. Y. 

_A. Edward Ranney, Cleveland, Ohio. 

Ray Manufacturing Company, Philadelphia, Pa. 
S. E. Gilbert. 

John S. Reiff, Lykens, Pa. 

Harvey W. Remington, New York, N. Y. 

Ricketson Mineral Paint Works, Milwaukee, Wis. 
Edward Bogk. 

Jay S. Rightmyer, Auburn, N. Y. 

E. A. Roberts, Cleveland, Ohio. 

Rock Products, Chicago, Ill. 
E. H. Defebaugh. 

Henry F. Romaine, Jr., Columbus, Ohio. 

Oliver Rosenberger, Lansdale, Pa. 

Ernest S. Ross, St. Joseph, Mo. 

Runyan Concrete Machinery Company, Canal Dover, Ohio. 
H. W. Streb. 

Saal and Brooking, Pekin, III. 
Adam Saal. 

Sandusky Portland Cement Company, Sandusky, Ohio. 
Spencer B. Newberry. 

W. W. Schouler, Newark, N. J. 

Herman F. Schultz, Napoleon, Ohio. 

John P. Schuyler, Medina, N. Y. 

Searles, Hirsch and Gavan, Cleveland, Ohio. 
A. Hirsch. 

Simpson Brothers Corporation, Boston, Mass. 
J. B. Simpson, H. B. Andrews. 

Simpson Cement Mold Company, Columbus, Ohio. 
H. G. Simpson. 

T. L. Smith Company, Milwaukee, Wis. 
I. S. McDonald. 
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George Smith, Jr., Kearney, N. J. 

J. Augustine Smith, South Bend, Ind. 

Soper Company, Detroit, Mich. 
Ellis Soper. 

William N. Sortor, Bloomfield, N. J. 

Southern Tile and Stone Company, Atlanta, Ga. 
T. D. Meador, Jr. 

Henry S. Spackman Engineering Company, Philadelphia, Pa. 
H. S. Spackman. 

A. F. Spangler and Co., East Orange, N. J. 
A. F. Spangler. 

William Spangler, Newark, N. J. 

E. N. and R. E. Spaulding, Suffield, Conn. 
Ralph E. Spaulding. 

Alvah F. Stahl, Ridgewood, N. J. 

Sterling Engineering and Construction Company, Milwaukee, 

Wis. 

Gustav E. Kahn. 

Steubenville Stone Company, Steubenville, Ohio. 
Frank Stecker. 

George H. Stewart, East Salamanca, N. Y. 

Kennedy Stinson, Montreal, Canada. 

Stocker Gravel and Artificial Stone Company, Highland, III. 
Fred. Stocker. 

George W. Stone, Worcester, Mass. 

Stowe-Fuller Company, Cleveland, Ohio. 

Charles A. Stowers, Akron, Ohio. 

Cornelius J. Sullivan, Syracuse, N. Y. 

Superior Cement Roofing Company, Bryan, Ohio. 
H. M. Kelly. 

Superior Portland Cement Company, Cincinnati, Ohio. 
Charles Schmutz. 

H. A. Suter, St. Joseph, Mo. 

Svenson-Shuman Machine Company, Pittsburg, Pa. 
John Svenson. 

Tarbox and McCall, Findlay, Ohio. 
Harry Tarbox. 

W. Purves Taylor, Philadelphia, Pa. 
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Alfred W. Thorn, Buffalo, N. Y. 
J. H. Thornhill, Winchester, Ind. 
Edward Tingle, Eaton, Ohio. 
Tinker Concrete and National Vault Company, Cleveland, Ohio. 
S. A. Drake. 
Turner Construction Company, New York, N. Y. 
J. P. H. Perry. 
John:J. Turner, Amsterdam, N. Y. 
John P. Turner, Amsterdam, N. Y. 
United Cement Machinery Manufacturing Company, Plain City, 
Ohio. 
M. C. Haggerty. 
Universal Portland Cement Company, Chicago, III. 
Edward M. Hagar. 
Day P. Vining, Jackson, Mich. 
Virginia Concrete and Engineering Company, Rocky Mount, Va. 
E..V. N. Heermance. 
Vulcanite Portland Cement Company, New York, N. Y. 
Wadsworth, Howland and Co., Inc., Boston, Mass. 
F. A. Gunnison. 
H. J. Wahl and Co., Lykens, Pa. 
H. J. Wahl. 
Henry P. Warner, Syracuse, N. Y. 
Charles D. Watson, Syracuse, N. Y. 
Watterson and Schneider, Cleveland, Ohio. 
William Watterson. 
Raymond B. Way, Brooklyn, Ohio. 
Charles J. Welch, Victoria, Texas. 
West Park Block Company, West Park, Ohio. 
M. M. Lutz. 
Wettlaufer Brothers, Buffalo, N. Y. 
George Wettlaufer. 
White and Shupe, Cleveland, Ohio. 
M. White. 
Whitehall Portland Cement Company, Philadelphia, Pa. 
Howard B. Green. 
Frank C. Wight, New York, N. Y. 
H. M. Wilson, Washington, D. C. 
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Percy H. Wilson, Philadelphia, Pa. 
George W. Winship, Saratoga Springs, N. Y. 
Wiselogel and Co., Muskegon, Mich. 
W. F. Wiselogel. 
Frederick E. Wyatt, Rochester, N. Y. 
Young Concrete and Construction Company, Waterbury, Conn. 
E. J. Young. 
H. M. Young and Son, Eaton, Ohio. 
Zeiser Brothers, Berwick, Pa. 
John R. Zeiser. 
Albert J. Zemmer, Port Huron, Mich. 
Henry Zolfer, Mendota, IIl. 
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FIFTH EXHIBITION. 


Akron Gravel and Sand Company, Akron, O. 
George Carmichael, J. H. Meyers, W. E. Wright, J. E. Peter- 
son, Austin Graff, C. Mulcahey. 
Alma Cement Company, Wellston, O. 
D. S. Hoover, R. S. Cape, S. G. Powell, A. F. Clark. 
American Cement Company, Philadelphia, Pa. 
J. A. Camm, J. J. Shippard, J. Walker, J. J. Dempsey, H. 
Oliver, C. M. Camm, R. W. Lesley. 
American Cement Roofing Company, Columbus, Ohio. 
J. E. Hicks, Elias Risewick. 
American Hydraulic Stone Company, Denver, Col. 
Harman H. Rice, J. Robert Gill, Mr. Harrig, Mr. Barron, 
Mr. Wall, H. A. Wilcox. 
American Steel and Wire Company, Chicago, IIl. 
H. S. Doyle, L. Bloomfield, R. H. Pratt, H. T. Pratt, FE. 
Angle, C. Mitchell. 
Anchor Concrete Stone Company, Rock Rapids, Iowa. 
S. Black, Charles W. Bradley, J. E. Coffin, S. D. Rinike. 
Ashland Steel Range and Manufacturing Company, Ashland, O. 
U. S. Shelly, A. J. Bentz, B. A. Tinkey, Ed. Brooks, Sam. 
Botdorf. 
Atlas Portland Cement Company, New York, N. Y. 
C. A. Kimball, P. A. Tomes, R. L. Beck, James Purches, 
C. S. Miller, John Klein, Harry Woods, John Cooper, 
Charles Bunham, Ed. D. Boyer, E. Lunday, L. Evans. 
Association of American Portland Cement Manufacturers, Phil- 
adelphia, Pa. 
Percy H. Wilson, C. W. Gaylord. 
Louis Auer and Son, Milwaukee, Wis. 
Joseph Fehier, Jr., A. Reichert. 
Ballou Manufacturing Company, Belding, Mich. 
M. Ballou, B. B. Swartwout. 
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Barrett Manufacturing Company, New York, N. Y. 

D. J. Perry, C. J. Bileger, O. H. Judson. 

Besser Manufacturing Company, Alpena, Mich. 

J. H. Besser, J. Charge, B. Coll, E. Welch, A. Ralph, H. 
Baldwin, C. Welch, R. Eggie, A. Cooper, J. Miller, N. 
Hanson, W. R. McDheo. 

Billings-Chapin Company, Cleveland, O. 

R. W. Western, D. W. Roberts, N. D. Chapin, Miss Geppes, 
Miss Metzdorf. 

Blaw Collapsible Steel Centering Company, Pittsburg, Pa. 

Jacob Blaw, H. B. Loxterman, M. Lehman, A. C. Lehman, 
J. J. Ryan, Thomas S. Ryan, Paul W. Keim, Mrs. Jacob 
Blaw. 

M. Bovee and Son, Northville, Mich. 

W. E. Richardson. 

Brown Hoisting Machinery Company, Cleveland, O. 

A. R. Leeds, J. F. Laucks, George T. Sinks, W. H. Huels- 
man, A. Hendrickson, F. A. Peck. 

Buckeye Concrete Company, Creston, Ohio. 

J. P. Heckman, Charles Hay, Davis Stusman. 

F. B. Burness, Kansas City, Mo. : 

A. J. McGarvey, J. Tavenner. 

Cement Age, New York, N. Y. 

A. E. Trego, F. Lincoln, A. Ferry. 

Cement Era, Chicago, Ill. 

E. S. Hanson, H. W. Baumgartner, H. Baumgartner, R. E. 
Montgomery. 

Cement Machinery Company, Denver, Colo. 

S. H. Wiltse, J. C. Lautenslager, William C. Hartigan, A. W. 
Lawrence, S. C. Smith, George H. Perrine, J. E. Wilbur. 

Cement Tile Machinery Company, Waterloo, Iowa. 

W. H. Stewart, W. S. Northrop, F. W. Kennedy, Godfrey 

Gross, C. B. Farmhid, M. P. Northcott, F. H. Stewart. 
Cement World, Chicago, IIl. 

C. R. W. Edgecomb, J. A. Smith, Miss Jones, Miss Gray, 
Miss White. 

Century Cement Machine Company, Rochester, N. Y. 

A. T. Bradley, C. B. Ross, D. M. Osborne, H. Sharpe, L. H. 
Finley, J. N. Rauber. 


* 
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Chain Belt Company, Milwaukee, Wis. 
W. Rosebery, C. Rosebery, D. Frasier, M. L. Sargent. 
Chase Foundry and Machine Company, Columbus, O. 
Edward Kaemerer, T. W. Chase, W. C. Stocklin. 
Clover Leaf Machine Company, South Bend, Ind. 
W. O. Williams, C. H. Louis, M. Sheffield. 
Coltrin-Boos Company. 
C. J. Boos, M. F. Morris. 
Concrete Age, Atlanta, Ga. 
George C. Walters, J. D. Walters. 
Concrete, Detroit, Mich. 

W. C. Boynton, R. Marshall, C. B. Wolfram, M. W. Michel- 
bery, John Waldron. 

Concrete Stone and Sand Company, Youngstown, O. 

A. A. Pauly, W. Fleming, Frank Kyle, Thomas McKelvy, 
E. L. Williams, Herman Rathfoos, E. S. Walter, C. H. 
Connell, R. Garlick. 

Corrugated Bar Company, St. Louis, Mo. 
C. Ferguson, John E. Conzelman, Mrs. J. E. Conzelman. 
D. and A. Post Mold Company, Three Rivers, Mich. 

G. W. Dougherty, J. B. Roberts, K. L. Shoemaker. 

De Armond-McKinney Manufacturing Company, Piqua, O. 

J. S. McKinney, C. W. De Armond. 

Dietrichs Clamp Company, Little Ferry, O. 

C. Dietrichs, J. C. Kichlan, F. W. Wright. 

Edison Portland Cement Company, Stewartsville, N. J. 

E. Meyer, R. H. Backman, F. B. Marsh, J. H. McCreichen, 
James Bernard, W. S. Mallory, J. D. Mucklin, J. H. 
Hoover, E. R. Miller, J. H. Wakeman, S. Churchill, 
Harry Hunter, Charles V. Reed. 

Eureka Machine Company, Lansing, Mich. 
O. S. Case, W. O. Johnson, Fred Fisher, Frank Ryan, 
Arthur Bradley, Miss Halliday. 
J. B. Foote Foundry Company, Fredericktown, O. 
J. B. Foote, C. R. Hany, S. H. Breittinger, Jay Foote. 
Garden City Sand Company, Chicago, III. 

L. W. Curtiss, C. H. Rose, S. G. Webb. 

F. G. Gaunt Manufacturing Company, Fort Wayne, Ind. 

W. D. Miller, F. G. Gaunt. 
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General Fireproofing Company, Youngstown, O. 
E. N. Hunting, F. K. Rhines, I. W. Murray, P. R. Clark, 
B. W. Ransom. 
Good Roads Magazine, New York City. 
E. Powers, H. Powell, J. Brown. 
Hall-Holmes Manufecturing Company, Jackson, Mich. 
S. P. Holmes, C. W. Hall, E. J. Curtis. 
Hayden Automatic Block Machine Company, Columbus, O. 
W. B. Simpler, W. H. Remington, George Friel, H. Mooren, 
E. Van Lynn, Henry Metzer, R. Black, L. G. Foster, 
L. C. Foster. 
Ideal Concrete Machinery Company, South Bend, Ind. 
M. Wetzstein, J. Augustine Smith, G. B. Pulfer, H. B. 
Gregory, F. W. Leach, O. F. Wampler, Carl Greiner, 
George Augrault, Robert F. Havlik, George B. Hopkins, 
N. E. Kennedy, E. B. Kelly, Mike Butzolik, Paul But- 
zolik. 
Indiana Concrete Form Company, Indianapolis, Ind. 
J. H. Wiest, I. D. Wiest, Irwin Tenant, C. W. Howland, 
J. C. Hutchison, A. L. Duncan, John W. Brady. 
Insley Manufacturing Company, Indianapolis, Ind. 
C. Dunning, G. Chandler, W. Insley. 
F. M. Jackson Company, Akron, O. 
F. M. Jackson, H. S. Avery, N. C. Hoag, Charles Reese, 
W. A. Carey. 
Kent Machine Company, Kent, O. 
F. A. Kershaw, F. H. Merrill, E. M. Barker, A. L. Post. 
Kerlin Automatic Post Machine Company, Delphi, Ind. 
W. F. Kerlin, E. W. Bowen, J. H. Mount, C. M. Williams, 
D. Y. Robertson, S. B. Davidson. 
Knickerbocker Company, Jackson, Mich. 
M. B. Knickerbocker, D. C. Schaffer, C. B. Western. 
Knickerbocker Chemical Company, New York, N. Y. 
T. Hugh Boorman, J. J. McWall, Al. Horn. 
Koehring Machine Company, Milwaukee, Wis. 
W. J. Koehring, W. Ord, H. Trevor, W. Williams, R. Moss, 
F. Johnson. 
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The Lawrence Cement Company, Philadelphia, Pa. 

W. S. Gifford, F. Case, F. A. Sarstedt, M. Drake, J. Tinker, 
N. Callahan, D. Pfahl. 

La Grange Specialty Company, La Grange, Ind. 

N. E. Snyder, H. A. Smith, H. Reeser, J. E. McIntyre, J. D. 
Stacy. 

Lehigh Portland Cement Company, Allentown, Pa. 

P. A. Jaundernal, F. E. Paulson, B. L. Suritt, Tom Scott, 
Henry Angel, A. N. Gawn, George J. Klamm, F. H. 
Holland, W. E. Viets, J. H. Black, K. C. Bolton. 

Marblecrete Products Company, Akron, N. Y. 

R. Thomas, R. N. Cunningham, H. S. Town, C. F. Town, 
W. V. Johnson, Benjamin Blythen, T. Meadors, J. N. 
Macpherson. 

Miles Manufacturing Company, Inc., Jackson, Mich. 

D. P. Vining, W. J. Corbett, A. J. Weatherwax, Jr., C. E. 
Vining, Milton Lutz, Harry Lutz, C. L. Vining, War- 
ren Snyder. 

Miracle Pressed Stone Company, Minneapolis, Minn. 

O. U. Miracle, R. C. Miracle, C. D. Russell, E. Haight, 
G. Davie, F. Conklin, F. Scott, G. Bidwell, S. Foster, 
R. Mack, H. Kirtley, G. Price, Miss Johnson. 

Multiplex Concrete Machinery Company, Toledo, O. 

W. R. Dawson, R. E. Feets, W. H. Peters, L. H. Keller, 
A. Feilback. 

M. A. Munn Company, Cleveland, Ohio. 

M. A. Munn, R. E. Bayer, C. W. Stevens. 

Municipal Engineering and Contracting Company, Chicago, III. 

T. M. Meals, C. E. Bathrick, Herman Westling. 

‘ National Roofing Company, Tonawanda, N. Y. 

F. A. Fuller, W. W. Fluker. 

National Wire Cloth Company, Sandusky, Ohio. 

G. Schade, S. E. Emerson, R. Ramsdal, W. Brainard, W. L. 
Feninger, W. D. Ferguson, C. K. Ferguson, Phil 
Gaghen. 

Northwestern Expanded Metal Company, Chicago, III. 

A. J. Maul. 
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Norwalk Vault Company, Norwalk, O. 

Don Kidwell, Ed. Green, F. H. Evans, H. Davies. 

Ohio Ceramic Engineering Company, Cleveland, Ohio. 
Lloyd Brown, A. W. French, F. H. Robinson, H. A. Reader, 
Arthur Dowd, Mr. Dailey. 
Oneida Community Company, Limited, Oneida, N. Y. 
Theo. H. Skinner, E. D, Pitt, M. Kinsley, L. McFarland 
Pattison Supply Company, Cleveland, O. 

W. M. Pattison, M. Jones, C. E. McCombs, E. E. Day, 

C. Frank, E. Haserodt, W. H. Smith, W. F. Geiger. 
Peerless Brick Machine Company, Minneapolis, Minn. 

L. V. Thayer, J. J. Palmer, Carl Jackson, F. E. Atwater, 

C. E. Patterson, L. N. Thomson. 
Pennsylvania Cement Company, New York, N. Y. 

William Beck, William Ball, William Kind, F. Walker, C. F. 

Scott, L. H. Scott, A. J. Fisher, George Vessels. 
Raber-Lang Manufacturing Company. 

R. L. Raber, J. E. Lang, J. Watts. 

George Rackle and Sons Company, Cleveland, O. 

H. E. Rackle, E. E. Rackle, F. R. Bicklehaupt, George 
Rackle, Charles Tennent. 

Ransome Concrete Machinery Company, Dunellen, N. J. 

A. W. Ransome, O. T. Wedmeyer, J. P. Faber. 

Runyan Concrete Machinery Company, Canal Dover, O. 

H. W. Streb, J. Steel, Henry Steel, A. Humbed, S. L. 
Holmes, H. E. Gresham, H. Brockhauser, H. Grathen- 
rath. 

Rutherford Cement Construction Company, Rutherford, N. J. 

J. Jaeger, J. Malatki, T. Calaro. 

Sandusky Portland Cement Company, Sandusky, O. 

A. St. John Newberry, Frederick Arnold, W. W. Kingsley, 
R. W. Russell, H. C. Stienson, W. C. Brickman, K. R. 
Fish, P. B. Berry. 

Sanford Concrete Machinery Company, Toledo, Ohio. 

J. J. Cox, A. M. Abbott, R. W. Ostermiller, Ed. Krozier, 
Dave Haskinson, C. W. Conklin, E. J. Long, Fred Grib- 
bell, J. B. Gribbell, E. Night. 
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Simpson Cement Mold Company, Columbus, O. 
H. G. Simpson, E. C. Bending, L. C. Ross, A. W. Simpson, 
G. W. Simpson. 
The T. L. Smith Company, Milwaukee, Wis. 
I. S. McDonald, R. C. McCombs, F. May, A. T. Dexter, 
J. M. Finney, R. A. Winchester, Henry C. Froor, Myron 
Seibert. 
R. Z. Snell Manufacturing Company, South Bend, Ind. 
William Lechlitner, O. B. Johnson, A. Huntsberger, F. Kin- 
ley, C. Sixby. 
Somers Block Machine Company, Urbana, III. 
F. A. Somers, E. H. Somers, D. C. Lean, J. H. Hoke, John 
Gray. 
Standard Construction Company. 
E. Van Lehn, Mrs. E. Van Lehn, C. P. Ewing, C. D. 
Edwards. 
Superior Portland Cement Company, Charleston, W. Va. 
C. F. Harwood, Charles Schmitz. 
Svenson-Shuman Company, Pittsburg, Pa. 
J. S. Svenson, E. C. Riddle. 
Technical Publishing Company, Cleveland, O. 
F. D. Leslie, Allen Brett, H. Farrand, A. E. Warner, M. A. 
Lee. 
Tinker Concrete Company, Cleveland, O. 
S. A. Drake, A. Hunt, L. D. Munson. 
United Cement Machinery Manufacturing Company, Plain City,O. 
M. Sanderson, M. C. Haggerty, S. M. Coe, G. Jaeger, A. E. 
Davis, S. N. Linn, W. O. Brush, George Philipo, H. L. 
Green, R. S. Black. 
Universal Portland Cement Company, Chicago, III. 
Edward M. Hager, J. P. Beck, W. S. Wing, J. Hulback, 
T. Hughes, M. Koch, T. Fugua, M. Metcalf. 
Vulcanite Portland Cement Company, New York City. 
Albert Moyer, Floyd A. Walter, W. Moffet, C. Herche. 
Wadsworth-Howland Company, New York, N. Y. 
F, A. Gunnison, E. A. Foster, W. A. Fox, R. Mitchell, C. 
Miller, R. Beck. , 














List OF EXHIBITORS. , 569 


Wettlaufer Brothers, Buffalo, N. Y. 
G. Wettlaufer, W. Wettlaufer, C. Wettlaufer, E. Wettlaufer, 
T. E: Day. 
Whitehall Portland Cement Company, Philadelphia, Pa. 
H. B. Green, H. Rauch, James B. Weaver, Mrs. Weaver. 
S. H. Wightman Company, Cleveland, 0. 
S. H. Wightman, Mrs. S. H. Wightman, H. C. Kelly, Sr., 
H. J. Kelly, Jr. 
Zeiser Brothers, Berwick, Pa. 
A. Zeiser, J. R. Zeiser, William Gilbert. 
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LIST OF MEMBERS. 


Contributing members are distinguished thus (*). 


ABBEY-DopcE-Brooxs Concrete CompaNy, THE. Raymond 
E. Brooks, Treasurer, 3 Passaic Street, Newark, N. J. 

*ABERTHAW CONSTRUCTION CompPaANy. Leonard C. Wason, 
President, 8 Beacon Street, Boston, Mass. 

AcME CEMENT BLock Company. Wellsburg, W. Va. 

Apams, ApotpH. Building Blocks, Kendallville, Ind. 

Apams, JoHN H. Secretary and Treasurer, Beloit Concrete 
Stone Company, Beloit, Wis. 

Apxins, H. L. Concrete Contractor, 529 Huntington Avenue, 
Jonesboro, Arkansas. 

ArrLeck, B. F. General Sales Agent, Universal Portland 
Cement Company, 1430 Commercial National Bank Build- 
ing, Chicago, II. 

AHLFELD, Cart. Manager, Perfection Concrete Stone Com- 
pany, 35 West Twenty-fifth Street, Bayonne, N. J. 

ALABAMA CONSOLIDATED CoAL AND IRON Company. Guy R. 
Johnson, Vice-President and General Manager, 825 First 
National Bank Building, Birmingham, Ala. 

ALEXANDER, CHARLES A. Engineer and Contractor, Batavia, 
N. Y. 

AcE BrotHers. Concrete Contractors, Joseph Alge, Jr., 
811 West Main Street, Findlay, Ohio. 

AtteN, Lucius E. Director, Ontario Limestone and Clay 
Company, Limited, Post Office Box No. 22, Belleville, 
Ontario, Canada. 

Atma Cement Company. D. S. Hoover, Sales Manager, 
Wellston, Ohio. 

ALPHA PorTLAND CEMENT Company. Easton, Pa. 

ALToona CONSTRUCTION AND CONTRACTORS’ SUPPLY COMPANY. 
Frank Brandt, President, Altoona, Pa. 
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ALTON Roorinc, ARTIFICIAL STONE AND SuppLy COMPANY. 
Alton, Ill. 

*AMERICAN CEMENT CompPaNyY, Robert W. Lesley, President, 
604 Pennsylvania Building, Philadelphia, Pa. 

AMERICAN CLAY MACHINERY Company, THE. L. W. Penfield, 
Vice-President, Willoughby, Ohio. 

AMERICAN CONCRETE COMPANY, THE. N.S. Potter, Jr., Presi- 
dent and General Manager, 515 South Second Street, 
Independence, Kansas. 

AMERICAN HyprauLic SToxNE Company. Harmon H. Rice, 
Secretary, 221 Railway Exchange Building, Denver, Col. 

*AMERICAN STEEL AND WIRE Company. H.S. Doyle, Manager 
Concrete Reinforcement Department, 1340 Commercial 
National Bank Building, Chicago, IIl. 

ANCHOR CONCRETE STONE Company. Charles W. Bradley, 
Manager, 312 Main Street, Rock Rapids, Iowa. 

ANGELL, J. F. First Vice-President and Treasurer, Cement 
Machinery Manufacturing Company, 52 West Maple Street, 
Columbus, Ohio. 

ANGLE, SamMuEL P. Angle Construction Company, Hagers- 
town, Md. 

ARGOLLO, MIGUEL DE TEIVE E. Chief Engineer, San Francisco 
Railroad Company, Caixa, Postal 89, Bahia, Brazil 

ARMSTRONG CONCRETE SPECIALTY COMPANY, INCORPORATED, 
Tue. Ben Cochran, President, 189 Devonshire Street, 
Boston, Mass. _ 

ART CONCRETE AND CONSTRUCTION CoMPANY. Frederick H. 
Mattlage, Secretary and Treasurer, 417 Fresh Pond Road, 
Evergreen, Borough of Queens, N. Y. 

AsH GrRovVE LIME AND PoRTLAND CEMENT Company. L. T. 
Sunderland, First Vice President, R. A. Long Building, 
Kansas City, Mo. 

ASHLAND STEEL RANGE AND MANUFACTURING’ Company. U. 
S. Shelly, Treasurer and Manager, Ashland, O. 

ATLANTA CONCRETE MANUFACTURING AND CONSTRUCTION Com- 
PANY. Atlanta, Ga. 

*ATLAS PORTLAND CEMENT Company. J. Rogers Maxwell, Pres- 
ident, 30 Broad Street, New York, N. Y. 

ATWATER, FRANK E. General Manager, Tony Lamnese and 
Company, 6210 Harvard Avenue, S. E., Cleveland, Ohio. 
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AUER AND Son, Louis. William Porth, Jr., Second Ward Bank 
Building, Milwaukee, Wis. 

Austin, Lucien A, Secretary-Treasurer, Penn Concrete Com- 
pany, Olney, Philadelphia, Pa. 

Baxsock, D.C. Springville, N. Y. 

BaBiczky, JosePH. Civil Engineer, Landwehrstrasse 9, Halle, 
a. S., Germany. 

BaiLtey,H.L. Cement Inspector, City Hall, Chicago, IIl. 

BAILEY AND Company, W. W. Concrete Contractor, Chadwick, 
Illinois. 

BALANTINE, W.W. The Addison, 1498 Addison Road, Cleve- 
land, O. 

Bau Brotuers: Concrete Contractors, Twin Falls, Idaho. 

BALLINGER, WALTER F. Ballinger & Perrot, Architects and 
Engineers, Boyertown Building, Philadelphia, Pa. 

Battovu Company, F. M. Concrete Contractors, F. B. Follett, 
Manager, 1323 Broad Street, Providence, R. I. 

Battou MANUFACTURING Company. R. A. Reynolds, Belding, 
Mich. 

Battwec, E. C. Concrete Contractor, 719 Comar Street, 
Emporia, Kansas. 

BatyeEaT, R.M. Balyeat Coal and Cement Company, Van West, O. 

BARKER AND NIGHSWANDER. Jefferson Avenue and Water 
Street, Toledo, O. 

BarKer, H. L. Farquharson Realty Company, 807 Beverly 
Road, Flatbush, N. Y. 

BarKeErR, Dr. W.:S. 358 South Main Street, Dayton, O. 

BaRKHAUSEN, Henry A. Green Bay, Wisconsin. 

Barnum, F.S. Architect, Superintendent of Buildings, Board 
of Education, Board of Education Building, Cleveland, Ohio. 

Barr, J.L.H. Batavia, O. 

BarTLettT, G. S. Vice-President, Western Portland Cement 
Company, Milwaukee, Wis. 

BaRTLETT LuMBER ComPANY, THE. J. L. Bartlett, Secretary 
and Treasurer, Greeley, Col. 

Battjes, F. Battjes Fuel and Building Material Company, 
Grand Rapids, Mich. 

Battyes Fue, AND BuiLtpiInc MATERIAL Company. N. H. 
Battjes, Superintendent, roor South Division Street, Grand 
Rapids, Mich. 
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BayLiss CONCRETE STONE AND Brick Company. Jerome Z. 
Bayliss, Manager, Bessemer, Mich. 

Bean, W. Worth, Jr. Civil Engineer, 217 Pipestone Street, 
Benton Harbor, Mich. 

Beatty, J. C. California Art Stone Supply Company, 510 
Board of Trade, Toronto, Ontario, Canada. 

BeppeEL.L, H. W. Bloomfield, Ontario, Canada. 

BerrerR, W. AND H. 813 East Sixth Street, Alton, IIl. 

Bett, WILLIAM. 509 Hill Avenue, Elgin, Iil. 

BELLEFONTE LUMBER ComPANY. Bellefonte, Pa. 

BELLEVUE STONE Company. C. R, Callaghan, President, Belle- 


vue, O. 
Betiincropt, N. O. Concrete Engineer, 920 Empire Building, 
Atlanta, Ga. 


Benper, A. L. Concrete Contractor, Topeka, Ind. 

Benner, E. E. 217 South Seventeenth Street, Lincoln, Neb. 

Benson, Newton D. President, The Cement and Concrete Con- 
struction Company, 75 Westminster Street, Providence,R. I. 

BERGER MANUFACTURING ComPaNy. W. L. Caldwell, Manager, 
Fireproofing Department, Canton, Ohio. 

BERTHELET CONCRETE STONE CompPANy. 7 Plankinton Build- 
ing, Milwaukee, Wis. 

BescH AND BEEBE. Engineers and Contractors. Henry R. 
Beebe, 15 Mann Building, Utica, N. Y. 

BressER MANUFACTURING CoMPANY, THE. J. H. Besser, Secre- 
tary, Alpena, Mich. 

Beyer, Ira. Manufacturer of Cement Blocks, Mishicot, Wis. 

BickLeHAuptT, F. R. George Rackle and Sons Company, 451§ 
Superior Avenue, Cleveland, Ohio. 

BincuaM, L.L. Cement Products Company, Estherville, lowa. 

BirNIE, ALEXANDER C, Engineer and Contractor. 7 Howard 
Street, Ludlow, Mass. 

BLacKBuRN, W.L. Hillsboro, Ill. 

BLack ENGINEERING CompaANy, Roy. Concrete Contractors, 
Foot of East Fifty-fifth Street, Cleveland, Ohio. 

BuiakE, J. A. 268 Littleton Street, Wolcott, Ind. 

BLaKELy, J. M. Concrete Contractor, 541 Union Street, 
Centralia, Ill. 

BLAKESLEE CONCRETE BLOCK AND MACHINERY COMPANY, 408 
Shultz Building, Columbus, O. 
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Bianc STAINLESS CEMENT CompaANy. J. Maxwell Carrere, 
General Manager, Allentown, Pa. 

BLaw COLLAPSIBLE STEEL CENTERING ComPANy. Jacob B. 
Blaw, 407 Westinghouse Building, Pittsburg, Pa. 

BLETHYN, BENJAMIN. Contractor and Builder, 1803 Oregon 
Avenue, Washington, D. C. 

Boorman, T. Hucu. Filbert Paving Company, Pennsylvania 
Building, Philadelphia, Pa. 

Bortz, Jr., C. L. Borie and Zantzinger, 139 South Fifteenth 
Street, Philadelphia, Pa. 

BossEertT,O.N. 54 University Building, Milwaukee, Wis. 

Bovee AND Son, M. Concrete Contractors, Northville, Mich. 

Bower, VERNON D. Concrete Contractor, Main Street, New 
Trenton, Ind. 

Borer, Epwarp D. Cement Expert, Atlas Portland Cement 
Company, Catasauqua, Pa. 

Boye, JAMEs. Freeland, Pa. 

BoyLen, H.T. Buchanan, W. Va. 

Boynton, C. W. Inspecting Engineer, Universal Portland 
Cement Company, Commercial Bank Building, Chicago, IIl. 

BrRACKER, Kart A. Vice-President, National Art Stone Com- 
pany, 319 Superior Avenue, Dayton, O. 

BrANNIN, Appison. “Contractor, Aberdeen, Miss. 

Brett, ALLEN. Associate Editor, Concrete Engineering, 510 
Caxton Building, Cleveland, Ohio. 

Brock BrotHers MANUFACTURING Company. Holden Brock, 
3507 Olive Street, St. Louis, Mo. 

Brown, CHARLES CarRoL_. Consulting Engineer, 408 Com- 
mercial Club Building, Indianapolis, Ind. 

Brown Hotstinc Macuinery Company. A. M. Merryweather, 
Manager, Ferroinclave Department, 4403 St. Clair Avenue, 
Cleveland, Ohio. 

Brown, L. R. L. Concrete Contractor, St. Marys, Ontario, 
Canada. 

BRowNnELL, F. Manager, Keokuk Cement Brick and Block 
Company, 314 Johnson Street, Keokuk, Iowa. 

BuEHLER, Jonn. Cement Contractor, 1116 Wisconsin Street, 
Portage, Wis. 

Burkey, Fay M. 162 Farrington Avenue, St. Paul, Minn, 
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Burness, F. B. Concrete Truck, Scarritt Building, Kansas 
City, Mo. 

Burns, Byron M. Cement Tester, Texas Portland Cement 
Company, Dallas, Texas. 

BurRELL, W. C. President, Burrell Manufacturing Company, 
Bradley, Ill. 

BusER CONCRETE CONSTRUCTION Company. Mount Morris, III. 

Buss, Epwarp A. Consulting Engineer and Mill Architect, 85 
Water Street, Boston, Mass. 

BuTLeR Woop FIBER PLAstTeR Company, Tue. S&S. C. Kelly, 
President, Butler, Pa. 

Byron Construction Company, M. P. Ninty-fifth Street and 
Erie Avenue, Chicago, IIl. 

Capocan, A. W. Contractor, Osceola, Pa. 

CADWELL SILEX Stone Company, THE. C. W. Cadwell, Man- 
ager, 1o Sandwich Street, West, Windsor, Ontario, Canada. 

Cairns, Epwarp T. General Agent, North British and Mer- 
cantile Insurance Company, 76 William Street, New York, 
N. Y. 

CANADIAN CEMENT INDusTRY. Lucius E. Allen, Box 22, Belle- 
ville, Ontario, Canada. 

CANADIAN PETRIFIED BRICK AND STONE CoMPANY. Winnipeg, 
Manitoba, Canada. 

CANADIAN PoRTLAND CEMENT Company. C. A. Lingham, Sales 
Agent,-502 Temple Building, Toronto, Canada. 

CapiTaL City CONCRETE CONSTRUCTION COMPANY. 2144 South 
Sixth Street, Springfield, Ill. 

CaREY CONSTRUCTION CompaANy, THE. C. H. Parkin, Vice- 
President, 519 Electric Building, Cleveland, Ohio. 

CARLON CONSTRUCTION CompANY. George H. Carlon, President, 
Oskaloosa, Iowa. 

CaRLSEN,C.J. St. Josephs Lead Company, Flat River, Mo. 

CARTHAGE SUPERIOR LIMESTONE CompaANY. R. M. Richter, 
President and General Manager, Carthage, Mo. 

Case, C. J. Concrete Contractor, Elmira Street, Troy, Pa. 

CasTALIA PoRTLAND CEMENT Company. Charles L. Johnson, 
Secretary and Sales Manager, Sandusky, Ohio. 

CauGcer, Georce D. Concrete Contractor, Springville, Erie 
County, N. Y. 

Cement. R. B. Seers, Editor, 21 Park Row, New York, N. Y. 
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*Cement Age. E. A. Trego, Associate Editor, 603 Pennsylvania 
Building, Philadelphia, Pa. 

CeMENT BLock AND Roorinc Company, THe. Karl W. Lick, 
Concrete Contractors, Kenton, Ohio. 

CEMENT Brick Company. Port Huron, Mich. 

Cement and Engineering News. William Seafert, Publisher, 
22 Fifth Avenue, Chicago, IIl. 

Cement Era. EE. S. Hanson, Editor, 842 Monadnock Block, 
Chicago, Ill. 

CEMENT ENGINEERING AND ConsTRUCYON Company. John T, 
Holmes, 225 Fifth Avenue, New York, N. Y. 

CemMENT Macuinery Company. S. H. Wiltse, President, Jack 
son, Mich. 

CEMENT MACHINERY SurppLy Company, THE. George K. Coulter 
President, 707 Eighteenth Street, Denver, Col. 

CeMENT Propucts Company. Burlington, Wis. 

CEMENT STONE AND Suppty Company. I. F. West, General 
Manager, 218-230 West Second Street, Wichita, Kan. 

Cement World. E. L. Hatfield, General Manager, 241 Fifth 
Avenue, Chicago, IIl. 

CENTRAL CONCRETE CONSTRUCTION ComPANyY. Robert C. Morris, 
President, 1161 Underhill Street, Louisville, Ky. 

CENTRAL CONSTRUCTION Company, Tue. I. A. Andrew, Vice- 
President and Manager, Wooster, Ohio. 

‘Century Cement MacuineCompany. A.T. Bradley, Director, 
181 West Main Street, Rochester, N. Y. 

Cuan Bett Company. 736 Park Street, Milwaukee, Wis. 

CHAMBERLIN, C. A. Jackson, Mich. 

CHANDLER, Dana G. Manager, Sylvania Concrete Company, 
Sylvania, Ohio. 

CHARLTON, WiLL1AM C. Manager and Treasurer, The Con- 
solidated Expanded Metal Companies, Keenan Building, 
Pittsburgh, Pa. 

*CHICAGO PoRTLAND CEMENT Company. J. U. C. McDaniel, 
Sales Manager, 1021 Stock Exchange Building, Chicago, IIl. 

CHICKAMAUGA CEMENT Company. W. P. D. Moross, General 
Manager, Chattanooga, Tenn. 

CHRISMAN CONCRETE STONE ComPANy. Chrisman, IIl. 

CuristopHer, JosepH H. Jeffer and Christopher, 282 Pros- 
pect Street, Ridgewood, N. J. 
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City ARTIFICIAL STONE Company. T. W. Stewart, Paris, III. 
City CONSTRUCTION CoMPANY. Milwaukee, Wis. 
CiarK, J. W. 527 South Elm Street, Centralia, Ill. 
CLEVELAND AND PittsBpurRGH CoAL Company. P. P. Quayle, 
General Manager, 5510 Euclid Avenue, Cleveland, Ohio. 
CLEVELAND CONCRETE BuILpING BLock Company, THE. R. W. 
Russell, Manager, toro Rockefeller Building, Cleveland, 
Ohio. 

CLEVELAND FurNaAcE Company, THE. D. T. Croxton, Presi- 
dent, Rockefeller Building, Cleveland, Ohio. 

CLINTON Wire CLotH Company. Albert Oliver, Manager, 1 
Madison Avenue, New York, N. Y. 

CLoveR LEAF MAcHINE Company. W. O. Williams, President, 
South Bend, Ind. 

Coturer, D.M. Architect, 238 Morton Street, Albany, N. Y. 

CoLoRADO PoRTLAND CEMENT Company, G. W. Bartholomew, 
Ideal Cement Building, Denver, Col. 

Compton, L. L. Architectural Engineer, 1314 North South 
Street, Wilmington, Ohio. 

Concrete. Walter C. Boynton, Editor, 63-65 Newberry Building, 
Detroit, Mich. 

*Concrete Age, The. George C. Walters, Publisher, Post Office 
Box No. 846, Atlanta, Ga. 

CONCRETE CONSTRUCTION CoMPANY. Muskegon, Mich. 

CONCRETE CONSTRUCTION ComPpaNy. Rock Island, IIl. 

CONCRETE CONSTRUCTION CoMPANY. Steubenville, Ohio. 

CONCRETE CoNSTRUCTION ComPpANy. George W. Stone, 10 
Walnut Street, Worcester, Mass. 

Concrete Engineering. The Technical Publishing Company, 
A. E. Warner, Secretary, Caxton Building, Cleveland, Ohio. 

CoNcCRETE Propucts Company, Tue. Ross F. Tucker, Presi- 
dent, 35 West Thirty-second Street, New York, N. Y. 

*CONCRETE STONE AND SAND Company, THE. A. A. Pauly, 
Secretary, 935 Poland Avenue, Youngstown, Ohio. 

ConcRETE Stone Company. E. D. Anthony, Manager, 29 
Weybosset Street, Providence, R. I. 

Concer, Georce D. Springville Concrete Company, Spring- 
ville, N. Y. 

Conk, WiLL1aAM. Concrete Contractor, 157 Branchport Avenue, 
Long Branch, N., J. 
37 
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ConNnELL, C. H. Reinforced Concrete Contractor, Youngs- 
town, Ohio. 

CONSOLIDATED LiTHoLITE Company. Saratoga Springs, N. Y. 

Contractors’ SupPpLy AND Equipment Company. 520 Old 
Colony Building, Chicago, IIl. 

Cook, H.L. Front Royal, Va. 

Corn Patace Cement Works. P. P. Comoli, 409 George 
Street, Sioux City, Iowa. 

CoRNELL, MEAD. Post Office Box No. 1481, San Diego, Cal. 

*CORRUGATED Bar Company. John E. Conzelman, Publicity 
Engineer, 1410 National Bank of Commerce Building 
St. Louis, Mo. 

CorTHELL, Ermer L. Engineer, Port of Para, Caixa do Correio, 
58, Rio Grande do Sul, Brazil. 

Cox, Cuartes H. Penn-Allen Portland Cement Company, 
1317 Spruce Street, Philadelphia, Pa. 

CRAMOND, JoHN H. Superintendent Central Bitulithic Paving 
Company, 402 Maple Street, Manistee, Mich. 

Crary, ALEXANDER P. Civil Engineer, Isthmian Canal Com- 
mission, Corozal, Canal Zone. 

Cromar, A. J. Builder, 448 Colborne Street, Brantford, On- 
tario, Canada. 

CrRossETT AND LLoyp ConcreTE Company. Frank Crossett, 
President, 106 Court Street, Binghamton, N. Y. 

CroweEL.L, E. H. Concrete Contractor, Foot and - Thomas 
Streets, Crown Point, Ind. 

Crozier, ALFRED O. 810 Broome Street, Wilmington, Del. 

CuMMINGS, PALMER. General Manager, The Cummings Cement 
Company, Akron, N. Y. 

CuMMINGS STRUCTURAL CONCRETE COMPANY. 4 Smithfield 
Street, Pittsburg, Pa. 

CUNNINGHAM Brotuers. Brook, Ind. 

CuTsHALL, J. H. Terre Haute, Ind. 

D. anp A. Post Motp Company, Tue. D. H. Dougherty, 
Secretary and Treasurer, Post Office Box 201, Three 
Rivers, Mich. 

Darton, E. L. Consulting Engineer, Jaunita Building, Dallas, 


Texas. 
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DaniEts, M. S. President, The Kakiat Company, Manufac- 
turers of Concrete Stone, Suffern, N. Y. For Mail: 24 
State Street, New York, N. Y. 

Davis, BENJAMIN HERMAN. Assistant Engineer of Rein- 
forced Concrete Structures, Delaware, Lackawanna and 
Western Railroad, Hoboken, N. J. 

Davis, Witt1AM R. Rural Free Delivery 1, Youngstown, Ohio. 

Davy, Harotp M. Engineer in Charge of Tests Borings, 
Department of Public Works, Canada, 26 Sweetland 
Avenue, Ottawa, Ontario, Canada. 

DeEARMON, CHARLES W. DeArmon-McKinney Manufacturing 
Company, Piqua, Ohio. 

Deeps, WILBURC. Reed Deeds and Son, Concrete Contractors, 
Cuyahoga Falls, Ohio. 

Dennis, J. E. Buffalo Litholite Company, 3 Jersey Street, 
Buffalo, N. Y. 

DEPARTMENT OF CrIvIL ENGINEERING, CASE SCHOOL OF Ap- 
PLIED Scrence, F. H. Neff, Professor of Civil Engineer- 
ing, Cleveland, Ohio. 

De Smet, Georce W. Vulcanite Portland Cement Company, 
317 Chamber of Commerce Building, Chicago, IIl. 

Detroit FIREPROOFING TiLE Company. A. C. Raymond, 
Second Vice-President, 23 Peninsular Bank Building, 
Detroit, Mich. 

DEXTER PorRTLAND CEMENT Company. Joseph Brobston, 
Treasurer, Nazareth, Pa. 

DEVINE CONCRETE CoMPANY, THE. W. B. Devine, Secretary 
and Treasurer, Lake and Fourth Streets, Uhricksville, Ohio. 

DIAMOND CEMENT MACHINE CompaANy. Deshler, Ohio, 

DicKERMAN, L. Stillman Valley, Ill. 

Dickinson, WILLIAM. 1513 Marquette Building, Chicago, Ill. 

D1iEMAN, OswaLp A. Waukesha, Wis. 

DietricHs CLtamp Company. Charles Dietrichs, Little Ferry, 
N. J. 

DovuBLepAY, Harry M. Concrete Blocks, Montego Bay, 
Jamaica, British West Indies. For Mail, June to November: 
Sodus Point, N. Y. 

Dovectass, J. A. Doulgass Building Block Company, 81 College 
Street, Alliance, Ohio. 
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Dover CEMENT TANK AND SiLo Company. Cassopolis, Mich. 

Downs, Joun. Fort Madison, Iowa. 

DriscoL.t, Joun. Appleton, Wis. 

Dunwtap, Simon L. 3019 Park Avenue, Indianapolis, Ind. 

DUNN AND FovurRQurREAN. Concrete Contractors (Buildin: 
Blocks). W.H. Dunn, 211 East Broad Street, Richmond, 
Va. 

DuNN AND Company, F. W. 400 Francisco Avenue, Chicago, IIl. 

DuNN AND Company, W. E. 339 Grand Avenue, Chicago, IIl. 

Dyer, Westey E. Member of Firm, Wiselogel and Company, 
220 East Western Avenue, Muskegon, Mich. 

DykemMaA Company, THE. F. L. Dykema, 14 Huron Street, 
Grand Rapids, Mich. 
EaGLe Art Stone Company, THE. Edward J. Marquard, 
President, 3814 Queen Avenue, S. W., Cleveland, Ohio. 
EASTERN CONCRETE MACHINERY SuppLty Company. J. R. 
Thomas, 75 Main Street, Akron, N. Y. 

EASTERN CONCRETE CONSTRUCTION CoMPANY. William M. 
Bailey, Chief Engineer, 101 Tremont Street, Boston, Mass. 

EATON, FREDERICK W. Indestructible Post Company, Chicago, 
Ill. 

ECKHARD, CHRISTIAN. St. Louis, Mo. 

Economy CoNCRETE MACHINERY Company. E. P. Auger, 
£ecretary, Corinth, Miss. 

*EpIsON PoRTLAND CEMENT Company, THE. M. S. Mallory, 
Vice-President, Stewartsville, N. J. 

EdMonson CONCRETE MACHINERY Company. W. G. Elliott, 
Secretary and Treasurer, South Bend, Ind. 

EICKEMEYER, Henry. 417 South Madison Avenue, Bay City, 
Mich. 

EILBACHER, JosEPH F. General Manager, Charles Eilbacher 
Company, Elizabeth, N. J. 

Evverson, A. Fort Smith, Ark. 

Exvuiott, A. B. Elliott Cement Products Company, Chicago, Ill. 

ELpRIDGE, ARTHUR S. Superintendent, J. G. White and Com- 
pany, 43 Exchange Place, New York, N. Y. 

ELMHUuURST-CHICAGO STONE CompaANy. Elmhurst, IIl. 

Eryria LuMBER AND CoaAL Company, THE. H. B. Hecock, 
Elyria, Ohio. 


EMERSON AND Norris CoMPANY. 50 State Street, Boston, Mass. 





Se tae 


VS 


eee 











LIST OF MEMBERS. 581 


EMPIRE PORTLAND CEMENT ComMpPANY. General Charles Miller, 
President, Warners, Onondaga County, N. Y. 

Engineering Record. §. F. Henry, Editor. 239 West Thirty- 
ninth Street, New York, N. Y. 

EVANSTON HypRAvuLic STONE CompaANy. Evanston, IIl. 

Everett, S. V. Blairstown Cement Brick and Block Works, 
Blairstown, Iowa. 

EWEN AND Company, J.M. Rookery Building, Chicago, Ill. 

Ewi1nc Concrete Company, THE Davis. Davis Ewing, Presi- 
dent, Unity Building, Bloomington, IIl. 

Ewinc ConcrRETE MACHINERY CompaANy, THE. L. D. Ewing, 
Akron, Ohio 

Facerson, G. President, Seward Concrete Stone Company, 
Adams Street and Second Avenue, Seward, Alaska. 

FARLEY AND CoMPANY, JAMES J. Concrete Contractors, Homer, 
Ill. 

FARQUHARSON REaALty Company. J. W. Farquharson, Con- 
crete Contractor, 449 Argyle Road, Flatbush, N. Y. 

Farrar, C. J. Contractor, Crafton, Pa. 

FEATHER, W. A. Baroda, Mich. 

Fe._ix, Epwarp R. Concrete Contractor, 256 Hope Avenue, 
Passaic, N. J. 

FERRO-CONCRETE CONSTRUCTION CoMPANY, THE. Richmond 
and Harriett Streets, Cincinnati, Ohio. 

FisHER, Frep. Eureka Machine Co., Lansing, Mich. 

FisHER, GEorGE F. Architect, North Tonawanda, N. Y. 

FisHER HypRAULIC CONCRETE MACHINERY COMPANY Balti- 
more, Md. 

Fiacc, C. W. Brazil, Ind. 

FLANDERS, J. J. Architect, Glencoe, Ill. 

FLICKINGER, FRANK F. Secretary and Treasurer, The Massillon 
Cement Stone and Coal Company, 165 Canal Street, Mas- 
sillon, Ohio. 

Focie, Witt1AM S. Cement Manufacturer, Broadway, Ohio. 

Foutuett, F. B. Providence, R. I. 

Foote Founpry Company, THE J. B. Cement Block Ma- 
chinery, J. B. Foote, President, Fredericktown, Ohio. 

Fort WAYNE CEMENT STONE Company. Fort Wayne, Ind. 

Fow.er, J. A. J. A. Fowler and Company, Concrete Con- 
tractors, Waterville, Ohio. 











582 List OF MEMBERS. 


FRANKLIN, LesteR R. Secretary, Auburndale Co-operative 
Construction Company, 17 Lawrence Avenue, Auburndale, 
Borough of Queens, New York, N. Y. 

FREEPORT ARTIFICIAL STONE Company. Edwin H. Van Riper, 
President, 12 Long Beach Avenue, Freeport, N. Y. 

FRENCH AND COMPANY, SAMUEL H. Raymond W. Hilles, Fourth 
and Callowhill Streets, Philadelphia, Pa. 

FrRINK AND Son, G. F. G. F. Frink, President, Elk Rapids, 
Mich. 

Frist CEMENT Company. Frank P. Frist, Manager, Concrete 
Contractors, Post Office Box No. 882, El Paso, Texas. 

Frost AND Sons. Jerseyville, Ill. 

Futton County SuppLty Company. 1054 North Pryor Street, 
Atlanta, Ga. 

Gapvon, Georce. Phillipsburg, N. J. 

Gammon, A. S. J. Norfolk, Va. 

GANDER, Prosper. Concrete Contractor, West Brooklyn, Ill. 

GARDEN City SAND Company. C. B. Shefler, President and 
Manager, 208 Chamber of Commerce Building, Chicago, IIl. 

*GENERAL FIREPROOFING Company. E. N. Hunting, Youngs- 
town, Ohio. 

GENTHER, WILLIAM J. Simplex Manufacturing Company, Con- 
crete Contractors (Sidewalks, Building Blocks), Despatch, 
Monroe County, N. Y. 

Georcia Hyprautic Stone Company. H.C. Quinn, President, 
Post Office Box No. 529, Dublin, Ga. 

Gipson, R. A. Local Manager, Hot Springs Concrete Company, 
Hot Springs, Ark. 

GIBSONBURG COAL AND IcE Company, THE Concrete Con- 
tractors, Charles Shuman, Gibsonburg, Sandusky County, 
Ohio. 

GILBERT, W. H. Olney Concrete Works, Olney, III. 

GitL, Gzorce H. Concrete Contractor (Sidewalks), Surprise, 
Neb. 

Gitt, J. Ropert. Concrete Block Expert, Post-office Box No. 
391, Chicago, IIl. 

GitLespPI£, Peter. President, Canadian Cement and Concrete 
Association, Toronto, Ontario, Canada. 

GLENCOE Lime AND CeMENT Company. E.S. Healey, President, 
Old Manchester Road and Boyle Avenue, St. Louis, Mo. 











Ee 


1 SCR ANIME STEER 











List oF MEMBERS. 583 


GLEeNs Fats PorTLAND CEMENT Company. George F. Bayle, 
President, 205 Lower Warren Street, Glens Falls, N. Y. 

Gioyp, JAaMeEs R. Superintendent, The Crowell and Sherman 
Company, 3111 Carnegie Avenue, Cleveland, Ohio. 

GocHNAUER, M. K. Appleton Sewer Pipe Works, 954 Meade 
Street, Appleton, Wis. 

Gopparp, L. M. City Tile and Cement Company, St. Cloud 
and Mill Streets, LaCrosse, Wis. 

GopwINN, GEoRGE. Concrete Contractor, Lambertville, N. J. 

Goon, Wituis Emer. 165 Center Street, Ashtabula, Ohio 

GoopricnH, F. R. Traverse City, Mich. 

Goopricu, E. P. Consulting Engineer, 1 Wall Street, New 
York, N. Y. 

Goopwin, H. E. 206 Blake Street, Indianapolis, Ind. 

Goopwin, Howarp G. Concrete Contractor (Building Blocks), 
281 West Market Street, Akron, Ohio. 

Grapy, Frank A. Concrete Contractor, Cuba, N. Y. 

Grapy, WiLtt1AM H. Concrete Contractor, 49 Hammond Street, 
Bangor, Me. 

GRAHAM CONCRETE CONSTRUCTION CoMPANY. Milwaukee, Wis. 

GRANILITE MANUFACTURING COMPANY. 2208 McGee Street, 
Kansas City, Mo. 

GRANITE CONCRETE STONE Company. D. Frank Magee, Secre- 
tary and Manager, 33 North Duke Street, Lancaster, Pa. 

GRANVILLE, JOHN J. Saginaw, Mich. 

Graves Company, B. A. George T. Graves, Superintendent of 
Construction, 360 East Main Street, Lexington, Ky. 

GREEN, Howarp B. Sales Manager, Whitehall Portland 
Cement Company, 1722 Land Title Building, Philadelphia, 
Pa. ; 

GRIESENAUER, G. H. 194 Fullerton Avenue, Chicago, IIl. 

Griswo_p, W.S. Manager, Elyria Concrete Company, Elyria, 
Ohio. 

Haas, Joun W. Charlotte, N.C. 

Hatt, AtBert Acton. President, The Ohio Marble Company, 
Piqua, Ohio. 

Hati-Hotmes MANUFACTURING Company. G. P. Holmes, 
Manager, 508 Hamlin Street, Jackson, Mich. 

HALL, INCORPORATED, JAMES P. Concrete Contractor (Build- 
ing Blocks), Jersey City, N. J. 











584 List oF MEMBERS. 


Hatt, W.L. Manager, Hall Concrete Construction Company, 
Dyersburg, Tenn. 

HALLowe ui, L. Hallowell and Sharer, Concrete Contractors, 
221 East Crawford Street, Findlay, Ohio. 

Ham, W.H. Consulting Engineer, French and Hubbard, Albany 
Building, Boston, Mass. 

Hamann, C. H. Geneseo, IIl. 

HAMEN AND Netson. Christian Hamen, 296 Seventh Street, 
Manistee, Mich. 

HamILL, GeorcE J. Victoria Concrete Construction Company, 
Bayside, Long Island, N. Y. 

Hamitton, R. T. John R. Minnick and Company, Concrete 
Contractors, Longport, Atlantic City, N. J. 

Hamuin, F. M. Hamlin and Sons, Contractors, Lake Villa, Ill. 

HAMPDEN PREssED STONE CompaANy. Springfield, Mass. 

Hampton, E.S. Orchard Park, N. Y. 

HANNER, WILLIAM. Beloit, Wis. 

Harms, JoHN. Engineering and Contracting, 50 Cary Street, 
Orange, N, J. 

Harper, D.N. 54 Home Bank Building, Detroit, Mich. 

HARRINGTON, J. R. Edinburg, IIl. 

Harris, AND Son, C. L. Sargent, Neb. 

Harroip, E.W. Concrete Contractor (Building Blocks), Derry, 
Westmoreland County, Pa. 

HARTRANFT CEMENT Company, Wi tiiaAmM G. William G. 
Hartranft, President, Real Estate Trust Building, Phila- 
delphia, Pa. 

Hartwick Macuinery Company. J. W. Hartwick, Secretary, 
120-124 East Washington Street, Jackson, Mich. 

Haskins, H. E. Lake Geneva, Wis. 

Hastincs, C. B. Concrete Contractor (Sidewalks, Building 
Blocks), 150 Jefferson Street, Brookville, Pa. 

Hatcu, Leonarp C. Secretary, The Ohio Marble Company, 
Piqua, Ohio. 

HATHAWAY, ALFRED G. Manager, A. G. Hathaway and Com- 
pany, 815 Cuyahoga Building, Cleveland, Ohio. 

Havirk, Rospert F. In charge of Engineering Department, 
Ideal Concrete Machinery Company, South Bend, Ind. 
Haypen Automatic Brock Macuine Company, Tue. N. B. 

Marple, Secretary, 112 West Broad Street, Columbus, Ohio. 

















List oF MEMBERS. 585 


HaypDEN, WILLIAM. 1347 Emerson Street, Denver, Col. 

Hayes, B. F. Concrete Contractor, 316 North Missouri Street, 
Liberty, Mo. 

Hayes, J. W. South Framingham, Mass. 

Hayes, J. L. Decherd, Tenn. 

Haywarp, Harrison W. Assistant Professor of Applied Me- 
chanics, Massachusetts Institute of Technology, 491 
Boylston Street, Boston, Mass. 

Hazen, Witi1AM N. Engineer, Consolidated Expanded Metal 
Companies, 225 Fifth Avenue, New York, N. Y. 

HEASLEY, VEEDER. Youngstown, Ohio. 

Heckman, J. P. Manager, The Buckeye Concrete Company, 
Main Street, Creston, Ohio. 

HENDRICKSON, S. W. White Plains, N. Y. 

HENLEY, Henry C. Chief Inspector, St. Louis Fire Prevention 
Bureau, Pierce Building, St. Louis, Mo. 

HERCULES CONSTRUCTION Company. George M. C. Taylor, 
President, 47 Shrewsbury Avenue, Red Bank, N. J. 

Hess, CHartes F. Point Pleasant, W. Va. 

HILt AND VAN WAGNER. Joseph M. Hill, Concrete Contractors, 
403 Kirk Building, Syracuse, N. Y. 

Hinp, Tuomas J. 19 Milk Street, Boston, Mass. 

Hipsuir, L. M. Marion, Ohio. 

Histe, P. J. Sharon Cement Construction Company, 5 North 
Water Street, Sharon, Pa. 

Hitcucock, B. F. F. E. Wyatt Concrete Block Company, 
5 Avondale Park, Rochester, N. Y. 

Horr, CHARLES A. Lykens Concrete Block Manufacturing 
Company, Lykens, Pa. 

HorrMaNn, S. W. Concrete Contractor, Zanesville, Ohio. 

Hoitmes, W.C. Secretary, Holmes Brothers Company, Port- 
land, Ind. 

Hottow Watt Macuine Company. J. S. Hodges, Petoskey, 
Mich. 

Hooper, Henry N. Chief Engineer, The Concrete-Steel Com- 
pany, 1301 Burdette Avenue, Cincinnati, Ohio. 

Hopkins, AtFrep. Architect, 11 East Twenty-fourth Street, 
New York, N. Y. 

Hopper, James G. Concrete Contractor, 74 Lincoln Avenue, 
Ridgewood, N. J. 








586 List oF MEMBERS. 

Horn Company, A.C. Structural Waterproofing. A.C. Horn, 
Secretary and Treasurer, 8-10 Burling Slip, New York, N. Y. 

Hot Sprincs Concrete Company. J. S. Horner, Secretary, 
Hot Springs, Ark. 

HovuseMaN, James A. Wessington Springs, S. D. 

Howarp, F. W. Concrete Contractor (Building Blocks), 19 

- Mulberry Street, Hartford, Conn. 

Huco anp Company. O. K. Hugo, Concrete Contractors, 
Whitewater, Wis. 

Humpurey, Ricuarp L. (President.) Consulting Engineer, 
805 Harrison Building, Philadelphia, Pa. 

Humpureys, P. J. East Liberty Cement Roofing Company, 
East Liberty, Ohio. 

Huntinc, E. N. General Fireproofing Company, Youngstown, 
Ohio. 

Hurvey, WitiiaM. Buffalo, N. Y. 

HuTcHENS AND Friske. O. B. Hutchens, Thirty Second and 
Galena Streets, Milwaukee, Wis. 

Hyprautic CEMENT MANUFACTURING CompPANy. George F. 
Fisher, North Tonawanda, N. Y. 

Hypravutic Concrete Macuine Company, THe. Walter W. 
Wade, Secretary, 460 Ellicott Square, Buffalo, N. Y. 

*IpEAL CONCRETE MACHINERY ComPANY. Mentor Wetzstein, 
President, South Bend, Ind. 

IttinoIs GRAVEL Company. Concrete Contractors. C. F. 
Scott, President, Princeton, IIl. 

*IoLA PorTLAND CEMENT Company. George E. Nicholson, 
President, Iola, Kansas. 

INTERNATIONAL FIREPROOFING CoMPANY, THe. R. N. Cunning- 
ham, Reinforced Concrete and Mixing Machines, Columbus, 
Ohio. 

Iron Age, The. 14-16 Park Place, New York, N. Y. 

IrRoNnITE Company. 1438 First National Bank Building, Chi 
cago, Ill. 

IRONTON ARTIFICIAL STONE CompPANyY. Ironton, Ohio. 

IRONTON PorTLAND CEMENT Company, Tue. A. C. Steece, 
Treasurer and General Manager, Ironton, Ohio. 

Irvine, Frep K. Editor, Rock Products, 355 Dearborn Street, 
Chicago, Ill. 














et ee 








List oF MEMBERS, 587 


Istey, W1LLIAM R. Concrete Contractor, 157 Chemung Street, 
Waverly, Tioga County, N. Y. 

IssEL, CHARLES H. 685 East One Hundred and Fifth Street, 
Cleveland, Ohio. 

Jackson, Company, Tue F. M. F. M. Jackson, President, John 
Street, Akron, N. Y. 

Jackson Company, F. M. Akron, Ohio. 

Jackson, E. E. General Concrete Contractor, 405 Jackson 
Street, Fremont, Ohio. 

Jackson, INCORPORATED, GEORGE W. George W. Jackson, 
President, 175—179 West Jackson Boulevard, Chicago, Ill. 

Jaecer Automatic MacHiInge Company. 49 Deshler Building, 
Columbus, Ohio. 

JANSEN AND ZOELLER, JANSEN, J. D. Concrete Contractors, 
Pekin, Ill. 

Jaxon, Honore J. 681 West Lake Street, Chicago, IIl. 

JEANNETTE CONCRETE CONSTRUCTION Company. S. F. Boyer, Sec- 
retary and Manager, 400 North Third Street, Jeannette, Pa. 

JerFER AND CHRISTOPHER. Concrete Contractors. Jos. H. 
Christopher, 282 Prospect Street, Ridgewood, N. J. 

JerrREY MANUFACTURING Company. Columbus, Ohio. 

Jewett, J. Y. Cement Expert in charge, Cement Testing Lab- 
oratory, U. S. Reclamation Service, 408 Commonwealth 
Building, Denver, Col. 

Jounson, A. L. Chief Engineer, Corrugated Bar Company, 
1410 National Bank of Commerce Building, St. Louis, Mo. 

Jounson, A. S. Concrete Contractor, 128 North Main Street, 
Freeport, Long Island, N. Y. 

Jounson, Rirey. Ashtabula, Ohio. 

Jones, H. N. Vice-President and General Manager, Concrete 
Construction Company, Houston, Texas. 

Jones, WittaRD N. Concrete Contractor, 225 Marion Street 
Corry, Pa. 

Jorpan, J. E. Engineer, Cuba, N. Y. 

Joserus, J. G. Buffalo Steel Company, 350 Linwood Avenue, 
Buffalo, N. Y. 

KANKAKEE ARTIFICIAL STONE Company. John Devere, Secre- 
tary, 224 Court Street, Kankakee, Ill. 

Keviey, E. B. Supply and Equipment Company, Chicago, IIl. 

KENNEDY, Everett S. Concrete Contractor, Saunemin, III. 








588 List oF MEMBERS. 


Kennepy, W. I. Medina, Ohio. 

KENNEDY AND Berry. 844 Majestic Building, Detroit, Mich. 

KENNEDY AND Lowry. 38 Congress Street, Detroit, Mich. 

Kenney, E. Concrete Contractor, 402 West Lucas Street, 
Creston, Iowa. 

Kent Macuine Company, Tue. F. A. Kershaw, Kent, Ohio. 

Keriin Automatic Post Macuine Company. W. F. Kerlin, 
Secretary, Delphi, Ind. 

KetcHIn AND Son, A. J. W. M. Ketchin, General Manager, 
Tarriffville, Conn. 

Kim, CHARLES A. 204 Dale Avenue, Grand Rapids, Mich. 

KimBatt, C. A., ATLAS PoRTLAND CEMENT COMPANY. 30 
Broad Street, New York, N. Y. 

Kinc, WatvLAcE, Jr. Vice-President, United Building Material 
Company, 320 Broadway, New York, N. Y. 

Kinney, Harry A. Chief Engineer, The Garford Company, 
Post Office Box 283, Elyria, Ohio. 

Kinney, Witi1am M. Assistant Inspecting Engineer, Uni- 
versal Portland Cement Company, 522 Frick Building, 
Pittsburg, Pa. 

Kirk, Joun L. 203 Ferguson Building, Pittsburgh, Pa. 

KLEIDERER AND Son, C. F. Parkland Street, Henderson, Ky. 

KNapp AND Company, C. R. Concrete Contractors. C. R. 
Kna»p, Builders’ Exchange, Philadelphia, Pa. 

KNICKERBOCKER CHEMICAL CompaNy, THe. T. Hugh Boor- 
man, President, 940 Amsterdam Avenue, New York, N. Y. 

KNICKERBOCKER COMPANY, THE. W. B. Knickerbocker, Presi- 
dent, Jackson, Mich. 

KNIGHTSTOWN CONCRETE Company. Concrete Contractors. 
Knightstown, Ind. 

KogeswRinG MAcHINE Company. Phil. A. Koehring, Secretary 
and Treasurer, Manufacturers of Concrete Mixers, Germania 
Building, Milwaukee, Wis. 

Koppet Company, ARTHUR. 1639 Monadnock Block, Chicago, 
Ill. 

*Kosmos PorTLAND CEMENT CompaANy. C. M. Timmons, Sales 
Manager, 614 Paul Jones Building, Louisville, Ky. 

Krart, Apam B. Concrete Contractor, 221 South Beaver 
Street, York, Pa. 














SR POORNOR +5, 


List oF MEMBERS. 589 


KRAMER AvutToMATic TAMPER Company. G. W. Kramer, 107 
Franklin Street, Peoria, III. 

KRAMER, B. K. 225 Main Street, Lafayette, Ind. 

KRAMER, D. F. 602 Bessemer Building, Pittsburgh, Pa. . 

Krause, M. C. Engineer, Spirit Lake Land Company, New- 
port, Wash. 

KREAMER, Fitz G. 4. Concrete Contractor, 549 North Clark 
Street, Chicago, IIl. 

Lake Erie Bui_tpers’ Suppty Company. W. C. Runyan, Jr., 
Manager, Citizens’ Building, Cleveland, Ohio. 

LAMB AND RuTLEDGE. Newark, Ohio. 

Lanpor, Epwarp J. Contracting Engineer, 1013 North Walnut 
Street, Canton, Ohio. 

Lansinc, H. C. The Wagner Manufacturing Company, 2324 
Water Street, Wheeling, W. Va. 

LANTRY, WILLIAMC. 508 Pabst Building, Milwaukee, Wis. 

LarNED, E. S. Civil Engineer and Cement Expert, 101 Milk 
Street, Boston, Mass. 

LAWRENCE CEMENT COMPANY OF PENNSYLVANIA, THE. Ernest 
R. Ackerman, President, Plainfield, N. J. 

Leacu, J. B. Concrete Contractor (Building Blocks), Carthage, 
N. Y. 

LepLiz, Davin B. Concrete Contractor, Saratoga Springs, N. Y. 

LEFFLER, JoHN A. Concrete Contractors, 199 North Church 
Street, Hazleton, Pa. 

LeHew anv Sons, Tuomas M. Concrete Contractors, 309. 
West South Street, Warsaw, Ind. 

*LEHIGH PoRTLAND CEMENT ComPANyY. George G. Sykes, Secre- 
tary, Young Building, Allentown, Pa. 
LEIBENSBERGER BROTHERS. Concrete Contractors. Oliver 
Leibensberger, 521 North James Street, Hazleton, Pa. 
Lemon, S. J. Concrete Contractor, Corwin Block, Findley, 
Ohio. 

Lensinc, H. A. 420 Sycamore Street, Evansville, Ind. 

LESLEY AND TRINKLE Company. Cement Sales Agents. 
Robert W. Lesley, President, 604 Pennsylvania Building, 
Philadelphia, Pa. 

Lewis, FRANK. Concrete Contractor (Sidewalks, Building 
Blocks), Harpursville, N. Y. 











590 List oF MEMBERS. 





Ley AND CoMPANY, INCORPORATED, Frep T. M. W. Denman, 
Contracting Engineer, 307 Main Street, Springfield, Mass. 

Lick, K. W. Kenton, Ohio. 

Lituiz, G. F. Concrete Contractor, Tekamah, Neb. 

Lima, J. T. de Alencar, Director Secretario, Companhia Viacao 
Geral da Bahia, Estacao Calcada, Bahia, Brazil. 

Lima ARTIFICIAL STONE Company. Lima, Ohio. 

Linp, E. Woonsocket, S. Dak. 

Linpau, ALrrep E. Chief Engineer, Corrugated Bar Company, 
National Bank of Commerce Building, St. Louis, Mo. 

Linpay, T. Post Office Box No. 13, Erie, Pa. 

LINDGREN, JOHN F. Chief Cement ‘Tester, Illinois Central Rail- 
road, 1144 Eddy Street, Chicago, IIl. 

LincHaM, F. R. Belleville, Ontario, Canada. 

Lippotp, B. F. Editor, Rock Products, 355 Dearborn Street, 
Chicago, IIl. 

Lipsey, THomMAs EvGene Learp. Assistant Engineer, Isth- 
mian Canal Commission, Culebra, Canal Zone. 

Liston, SAMUEL. Concrete Contractor, 37 Stewart Avenue, 
Mansfield, Ohio. 

LittLte Rock ArtiriciaL Stone Company. D. G. Taylor, 
Manager, 1904 Lincoln Avenue, Little Rock, Ark. 

Livonia CEMENT AND Bock Factory. John Nickerson, Man- 
ager, Livonia, N. Y. 

Lioyp, WALTER O. Vice-President, Crossett and Lloyd Con- 
crete Company, Incorporated, 161 West End Avenue, 
Binghamton, N. Y. 

LoGAN,-JAMES. Civil Engineer, Mount Holly, N. J. 

LONGACHER AND Company, P. F._ P.T. Longacher, Elkhart, Ind. 

Lonc AND Mickiey. J. B. Mickley, Concrete Contractors 
(Building Blocks), Rural Free Delivery No. 3, Allentown, 
Pa. 

LovucH, Witiiam. Arcola, IIl. 

LowE-ARMINGTON ComPANy. Concrete Contractors. George H* 
Lowe, President, 127 Washington Street, Brookline, Mass. 

Luces, W. H. 187 Buckingham Street, Newark, Ohio. 

Lunsrorp, W. A. Lunsford Crushed Stone and Quarry Com- 
pany, Madisonville, Ky. 

LutTon, SAMUEL. Concrete Contractor, Point Pleasant, W. Va. 

















List OF MEMBERS. 591 


LYKENS CONCRETE BLocK MANUFACTURING CoMPANY. Charles 
A. Hoff, Lykens, Pa. 

Lynn, Georce V. Concrete Contractor, Pennsylvania Avenue, 
Pen Argyl, Pa. 

MACAFEE CONCRETE ComMpPANY. S. B. Macafee, Athens, Pa. 

Mack, E.C. 6 Nisbett Building, Alton, Ill. 

MacNaucutTon, E. B. Manager, MacNaughton, Raymond and 
Lawrence, Architects, 606 Concord Building, Portland, Ore. 

MANDT-PowELL CONCRETE MACHINERY Company. M. G. 
Mandt, President, Stoughton, Wis. 

MANKEDICK, CHARLES. Manager, Sullivan Cement Works. 
Post Office Box 397, Sullivan, Ind. 

Mantz, E. P. Concrete Contractor, 236 North Market Street, 
Frederick, Md. 

*VManujacturers’ Record. South and Water Streets, Baltimore, 
Md. 

MARBLECRETE PRopucts Company. 75 Main Street, Akron, 
N. Y. 

MARQUETTE CEMENT MANUFACTURING COMPANY. Marquette 
Building, Chicago, IIl. 

Marsu, J. B. Consulting Engineer, Des Moines, lowa. 

Martin, C. E. 529 West Ash Street, Piqua, Ohio. 

Martin, F. F. Santa Cruz, Cal. 

MarRTIN AND Company, F. F. Goodwin Building, Beloit, Wis. 

MASON, FRANKLIN J. 126 Macon Street, Brooklyn, N. Y. 

MAYNARD, ARTHUR J. Superintendent of Construction, Massa- 
chusetts State Farm, State Farm, Mass. 

Mayne, F. K. Blue Springs, Neb. 

McApams SAND Company. Runnels, IIl. 

McArpLeE, P. C. Engineer of Tests, Bureau of Engineering, 
Department of Public Works, 3644 Grand Building, Chi- 
cago, Ill. 

McARTHUR AND SmitH. London, Ontario, Canada. 

McAvoy, E. Concrete Contractor, White Hall, Ill. 

McCarRo_L Camp Stone Company. Concrete Contractors. 
Robert McCarroll, Post Office Box No. 377, Jacksonville,Fla. 

McCLANAHAN CONCRETE Company. F.C. McClanahan, Manager, 
Fort Branch, Ind. 

McCuLLouGu, Ernest. Associate Editor, Engineering-Con- 
tracting, 355 Dearborn Street, Chicago, III. 














592 List OF MEMBERS. 


McDaniet, J. U.C. Sales Manager, Chicago Portland Cement 
Company, to21 Stock Exchange Building, Chicago, II. 
MacDona.p, Ivan S. Editor, Construction, Toronto, Canada. 
McKisBeNn, Frank P. Professor of Civil Engineering, Lehigh 

University, South Bethlehem, Pa. 

McLennan, Hucu. Concrete Contractor, 1241 First National 
Bank Building, Chicago, III. 

MacMuttiin, Samuet. Manager, Riverton Contracting and 
Construction Company, Riverton, N. J. 

McNary, JoHn. Concrete Contractor, Canonsburg, Pa. 

McVey, Jonn R. Concrete Contractor, Cuba, N. Y. 

MEACHAM AND Wricut Company. C. M. Foster, Secretary, 
Room 805, 206 LaSalle Street, Chicago, III. 

MERIDEN CoNCRETE ComPANY, Tue. Edward L. Montgomery, 
Treasurer and Manager, 835 Broad Street, Meriden, Conn. 

MERRITT AND Company. G. D. Wilson, Engineer, Front and 
Arch Streets, Camden, N. J. 

MiLLeR Company, INCORPORATED, CHARLES R. Charles R. 
Miller, President and General Manager, 8 North Front 
Street, Memphis, Tenn. 

Mititer, F.N. Waukegan, IIl. 

MILLER AND Company, H. C. Concrete Engineers. H. C. 
Miller, President, 1 Madison Avenue, New York, N. Y. 

MILLER LumBEeR Company. G. M. Miller, Appleton, Wis. 

Mit_er, Rupotpn P. Consulting Engineer, 527 Fifth Avenue, 
New York, N. Y. 

Mitter, W. H. Concrete Contractor, Tipton, Ind. 

MILWAUKEE CONCRETE AND SuppLty Company. S. D. Austin, 
President, 414 Mathews Building, Milwaukee, Wis. 

MINNAMAN, Evucene J. Concrete Contractor, Pittsford, Mon- 
roe County, N. Y. 

Minnick, JoHN R. President, John R. Minnick and Company. 
Concrete Contractors, Longport, Atlantic City, N. J. 
*MIRACLE Pressep Stone Company. O. U. Miracle, President, 

Minneapolis, Minn. 

Mrracite, R.O. Miracle Concrete Company, Minneapolis, Minn. 

Morrett, A.C. Connorsville, Ind. 

Monstep Company, A. Reinforced Concrete Contractors. 
A. Monsted, President, 514 Pabst Building, Milwaukee. Wis. 

Moock, Georce W. Contractor, Waterloo, Ontario, Canada. 
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Moore, Ecspert J. Chief Engineer, Turner Construction Com- 
pany, 80 Cornell Avenue, Yonkers, N. Y. 

Moore, J. E. Rookery Building, Chicago, IIl. 

Morcan, A. W. Concrete Contractor, 204 Dale Avenue, Grand 
Rapids, Mich. 

Morton, WiLt1AM. The Moreland, Cleveland, Ohio. 

Moyer, ALBERT. Sales Manager, Vulcanite Portland Cement 
Company, Flatiron Building, New York, N. Y. 

MULTIPLEX CONCRETE MACHINERY CoMPANY. W. R. Dawson, 
745 Ohio Building, Toledo, Ohio. 

MuNICIPAL ENGINEERING AND CONTRACTING COMPANY. 607- 
611 Railway-Exchange Building, Chicago, II. 

MuNNEL, SAMUEL. Concrete Contractor (Building Blocks), 
Canonsburg, Pa. 

Munson, P. O. Concrete Contractor (Sidewalks, Building 
Blocks), 558 Maple Avenue, Galesburg, IIl. 

Murray, J. J. Concrete Contractor, Cayuga, Ontario, Canada. 

NATIONAL BripGE Company. Indianapolis, Ind. 

National Builder. 358 Dearborn Street, Chicago, Il. 

NATIONAL CONCRETE CONSTRUCTION COMPANY. 54 Board of 
Trade Building, Louisville, Ky. 

NATIONAL Hypravutic Stone Company, Tue. Daniel A. 
Leonard, President, Baltimore, Md. 

NATIONAL RooFrinG ComPANy, THE. James J. Case, Secretary, 
Tonawanda, N. Y. 

NATIONAL WIRE CLoTH Company. George J. Shade, Manager, 
Sandusky, Ohio. 

Neck Brotuers. Montello, Wis. 

NerF AND Son, B. F. Concrete Contractors, Bryan, Ohio. 

Necus, ArtHuUR I. Superintendent of Construction, Malden 
and Melrose Gas Light Company, Pleasant Street, Malden, 
Mass. 

Netson, ALBERT G. Construction Engineer, Bedford, West 
Chester County, N. Y. 

NELSON BROTHERS PAVING AND CONSTRUCTION COMPANY. 
Harvey B. Smith, Vice-President, 221 South Fifth Street, 
Minneapolis, Minn. 

Netson, Georce. Concrete Contractor, Madison, Wis. 

NewarRK Art STONE AND PLASTER Company. Newark, Ohio. 

Newerr, N.C. 516 Ashland Avenue, Buffalo, N. Y. 
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NEw Castle ARTIFICIAL STONE ComPANY. New Castle, Pa. 

New Jersey CEMENT ConstRucTION Company. Clifford F. 
MacEvoy, General Manager, 354 Park Avenue, Newark, N.]J. - 

NEw JERSEY CEMENT STONE Company. J. W. Pierson, 89 Dodd 
Street, East Orange, N. J. 

NEwAYGO PoRTLAND CEMENT Company. J. F. Lockley, Gen- 
eral Sales Agent, 919-921 Michigan Trust Building, Grand 
Rapids, Mich. 

Newton, W. M. Concrete Contractor, Wyoming, Del. 

New Way Motor Company, THe. L. M. Gleason, Sales Man- 
ager, Lansing, Mich. 

NEUBAUER, J. F. Manager, Best Block and Brick Conipany, 
Cedar Rapids, Iowa. 

Nice-Rasor CoMPpANyY. Barberton, Ohio. 

NICHOLSON, GEORGE E. President, United Kansas Portland 
Cement Company and Iola Portland Cement Company, 
Iola, Kansas. 

Niz, Tuomas H. Concrete Contractor, Riverside Street, Lyn- 
donville, N. Y. 

Nims, C. C. Cleveland, Ohio. 

Nopamp CONCRETE BLock MACHINE Company. F. W. Tidball, 
President, 711 Northwestern Building, Minneapolis, Minn. 

Norris, J. Frank. Concrete Contractor, Norris Street, 
Rochester, N. Y. 

*NORTHWESTERN EXPANDED MetaL Company. Howard W. 
Foote, General Manager, 930-950 Old Colony Building, 
Chicago, IIl. 

NORTHWESTERN STATES PORTLAND CEMENT Company. W. F. 
Cowham, President, Jackson, Mich. 

NORTHWESTERN STEEL AND IRON Works. H. A. Ralph, Secre- 
tary, Grand Avenue and Barston Street, Eau Claire, Wis. 

NORTHWESTERN TILE Company. Builders Exchange, Milwau- 
kee, Wis. 

NorRwaLK VaAvuLt Company, THe. C. L. French, Manager, 
Norwalk, Ohio. 

Norwoop CEMENT STONE CONSTRUCTION CompaANy. Jason N. 
Damick, Norwood, Mass. 

NyFLot, JOHN. 7311 Florissant Avenue, St. Louis, Mo. 

OcpEN AND Capmus. E.L.R. Cadmus, 550 Bloomfield Avenue, 
Bloomfield. N. J. 
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Or City Sanp Company. C F. Roess, Oil City, Pa. 

OmMEGA PoRTLAND CEMENT Company, THE. L. W. Sibbald, 
Secretary and Treasurer, Jonesville, Mich. 

ONEIDA ComMMuNITY, LIMITED. Theodore H. Skinner, Archi- 
tect, Steel Wire Chains, Oneida, Madison County, N. Y. 
ONONDAGA PressED STONE BLock Company. Edwin C. Ide, 

Manager, 532 Canal Street, Syracuse, N. Y. 

ORNAMENTAL STONE Company, THe. L. C. Briggs, Secretary 
and Treasurer, Lansing, Mich. 

Otto, Henry C. 7311 Florissant Avenue, St. Louis, Mo. 

Paice, A. W. President, Nazareth Cement Company, 219 
Park Avenue, Bridgeport, Conn. 

PALMER HoLLow CoNcRETE BuILpING BLtock Company, HAR- 
MON S. 1450 Girard Street, Washington, D. C. 

PaLMER, Howarp VAN R. Assistant Manager, Publicity De- 
partment, Atlas Portland Cement Company, 30 Broad 
Street, New York. 

PALMER MANUFACTURING Company, Noyes F. 150 Snediker 
Avenue, Brooklyn, N. Y. 

PaNuSHKA, J. W. Concrete Contractor (Building Blocks), 203 
Carondalet Street, New Orleans, La. 

PARKERSBURG ARTIFICIAL STONE CoMPANY. 410 George Street, 
Parkersburg, W. Va. 

Parsons, A. E. Ross Avenue, Chicago, IIl. | 

Parsons, O. B. Supervising Engineer, Department of Adjutant 
General, U. S. A., State of Ohio, Camp Perry, Ohio. 

Passaic CouNTy MIRACLE PRESSED STONE COMPANY. 102 Rail- 
road Avenue, Paterson, N. J. 

Patcu, Witi1am E. Concrete Contractor, South Main Street, 
Rutland, Vt. 

PATTERSON, JOSEPH. Concrete Contractor, Box 400, St. Marys, 
Ontario, Canada. 

Pautson, T. E. Lehigh Portland Cement Company, Indian- 
apolis, Ind. 

PayNE CEMENT Company. J. E. Payne, Concrete Contractors, 
tog North Mulberry Street, Mansfield, Ohio. 

*PEERLESS BricK MACHINE Company. L. V. Thayer, President, 
13 North Sixth Street, Minneapolis, Minn. 
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*PEERLESS PoRTLAND CEMENTCoMPANY. J.R. Patterson, Gen- 
eral Manager, Union City, Mich. 

PENN-ALLEN PoRTLAND CEMENT Company. W. E. Erdell, 
General Manager, Commonwealth Building, Allentown, Pa. 

*PENNSYLVANIA CEMENT Company. W. W. Bale, Sales Manager, 
26 Cortlandt Street, New York, N. Y. 

Perrot, Emite G. Ballinger and Perrot, Architects and Engi- 
neers, Boyertown Building, Philadelphia, Pa. 

Perry, Don J. Chief Inspector, District B, Transcontinental 
Railway, 147 Mountain Hill, Quebec, Canada. 

PETTYJOHN Company, THE. L. Pettyjohn, 603 North Sixth 
Street, Terre Haute, Ind. 

PHILLIps CEMENT STONE Company, THE. 705 Oakwood Ave- 
nue, Columbus, Ohio. 

PHILLIPS ComMPANY, THE Tuomas. L. C. Koplin, Manager, 
Akron, Ohio. 

Puipps, F.S. Manager, Central Stone Company, Twenty-sixth 
and Messanie Streets, St. Joseph, Mo. 

PIERSON AND CoMPpANY, ARTHUR N. 1 Park Row, New York, 
aw. 

PittsBuRG TEsTING LABoraToRY. John M. Bailey, Secretary, 
325 Water Street, Pittsburg, Pa. 

PLAINFIELD CEMENT STONE Company. R. G. Bush, Manager. 
North Avenue and Berckman Street, Plainfield, N. J. 

Ponp, W. F. Assistant Engineer of Bridges, Buffalo, Ro- 
chester and Pittsburg Railway Company, 155 Main Street, 
Rochester, N. Y. 

PorTeR, Harry FRANKLIN. Consulting Concrete Engineer, 
1317 Spruce Street, Philadelphia, Pa. 

Porter, L. E. 115 West Fifteenth Street, York, Neb. 

Porter, W. Mackinaw, IIl. 

PoTTeR, CHARLES M. Concrete Contractor, Box 291, Nauga- 
tuck, Conn. 

Powers, FRANK. Concrete Contractor, Westbury, N. Y. 

PrippDLE, ARTHUR. Manager and Proprietor, Aetna Fireproofing 
Company, 409-410 Whitney Building, 133 Geary Street, 
San Francisco, Cal. 

Prince, Georce C. Prince Concrete Company, 212 North 
Thirty-eighth Street, Camden, N. J. 
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PuLFer, Grorce B. Vice-President and General Manager, 
Ideal Concrete Machinery Company, South Bend, Ind. 

Pusu, O.G. 6425 Peoria Street, Chicago, Ill. 

QUEEN City Brick MAcHINE Company. C. J. Helm, Secretary, 
410 State Bank Building, Traverse City, Mich. 

QuimBy, Henry H. Engineer of Bridges, Bureau of Surveys, 
City of Philadelphia, 3920 Girard Avenue, Philadelphia, Pa. 

RACKLE, HERMAN E. Manager, The George C. Rackle and 
Sons Company, 3147 Superior Avenue, Cleveland, Ohio. 

Raper, B.H. Eastern Sales Agent, Universal Portland Cement 
Company, 524 Frick Building, Pittsburgh, Pa. 

RADTKE-WALTER CoMPANY, THE. Concrete Building Materials, 
54 Monroe Street, Monroe, Mich. 

RaGan, Lioyp E. Concrete Contractor, 110 Jay Street, 
Schenectady, N. Y. 

RaNNEY, A. Epwarp. Contractor, 3610 Henritze Avenue, 
Cleveland, Ohio. 

RARITAN CEMENT STONE MANUFACTURING AND CONTRACTING 
Company. Charles A. Mundy, President, Flatiron Building, 
Perth Amboy, N. J. 

Ray MANUFACTURING Company. Concrete Contractors. S. E. 
Gilbert, President, 1627 Columbia Avenue, Philadelphia, Pa. 

ReirF, JoHN S. Manager, Lykens Concrete Block Manu- 
facturing Company, Lykens, Pa. 

REINERT, Epwarp C. Cement, Stone and Brick Manufacturer, 
Lake Geneva, Wis. 

REINFORCED CONCRETE CoNsTRUCTION CoMPANY, Hugues 
Brussel, President, 1609-11 Wright Building, St. Louis, 
Mo. 

REMINGTON, Harvey W. Eastern and Foreign Sales Agent, 
Hayden Automatic Block Machine Company, 19 South 
Street, New York, N. Y. 

RICKETSON MINERAL Paint Works. Edward Bogk, President, 
409 Broadway, Milwaukee, Wis. 

RIGHTMYER, Jay S. Concrete Contractor (Sidewalks, Build- 
ing Blocks), 70 North Street, Auburn, N. Y. 

RINGTOWN CONCRETE Works. Michael and Hart, 315 East 
Mahanoy Avenue, Mahanoy City, Pa. 

Roserts, PD. S. Davidson Hotel, Milwaukee, Wis. 
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ROBINSON AND Company, M. C. Concrete Contractors. M. C. 
Robinson, President, Elm Street, Ashtabula, Ohio, 

RoBINsoON CONSTRUCTION Company. State Bank Building, 
Rock Island, IIl. 

ROBINSON AND Stuart. Concrete Contractors, Neponset, III. 

RocHe, Epwarp. Reinforced Concrete Contractor, Far Rocka- 
way, N. Y. 

RocuHE, Martin T. Pioneer Press Building, St. Paul, Minn. 

RocHESTER ComposiITE Brick Company. R. W. Holden, Sec- 
retary, 62 Clinton Avenue, Rochester, N. Y. 

RockFrorD CONCRETE CONSTRUCTION CoMPANY. Rockford, IIl. 

Rock Products. E.H. Defebaugh, Editor, 355 Dearborn Street, 
Chicago, Ill. 

RopceErs, JOHN A. 302 McCall Street, Waukesha, Wis. 

*ROGERS-SHEAR CoMPANY. Warren, Pa. 

Roman Stone Company, THe. Sydney H. Jones, Manager, 
60-100 Marlborough Avenue, Toronto, Canada. 

RoMAINE, Jr., Henry F. Engineer and Contractor, 305 Har- 
rison Building, Columbus, Ohio. 

ROSENBERGER, OLIVER. Lansdale, Pa. 

RosENcRANS, I. Concrete Contractor (Sidewalks, Building 
Blocks), Walden, N. Y. 

Rosencrans, W.S. Concrete Contractor (Sidewalks, Building 
Blocks), Orange Avenue, Walden, N. Y. 

Ross, Ernest S. Building Engineer, J. W. Lehr, 919 North 
Twenty-fourth Street, St. Joseph, Mo. 

RowELL AnD Son, G. D. Appleton, Wis. 

RUBENDALL BROTHERS. Princeton, Il. 

RumpFrE, FRANK. Two Rivers, Wis. 

RuNYAN CONCRETE MACHINERY CoMPANY, THE. H. W. Streb, 
Secretary, Canal Dover, Ohio. 

Rupp, C. A. 47 East Utica Street, Buffalo, N. Y. 

RuPRECHT VoIROL CONCRETE CONSTRUCTION ComMPANY. William 
Ruprecht, 8011 South Broadway, St. Louis, Mo. 

Rusu, J. M. Milford, Ill. 

SAAL AND Brookinc. Adam Saal, Pekin, IIl. 

SAGINAW CONCRETE STONE Company. A. E. Richardson, 
Secretary, 210 Eddy Building, Saginaw, Mich. 

SANDUSKY PORTLAND CEMENT CompaANy. Spencer B. New- 

berry, Vice-President, Sandusky, Ohio. 
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SARGENT, G. E. Hampton, Iowa. 

SawYER, W. W. Rockford, IIl. 

SCHALL, JosEPH. 820 Elston Avenue, Chicago, III. 

SCHALLER, PHILLIP. President, Concrete Stone Company, Sac 
City, Lowa. 

SCHATZINGER CONSOLIDATED REALTY COMPANY. 506 Citizens’ 
Building, Cleveland, Ohio. 

SCHLAETER Company, W.C. Manitowoc, Wis. 

ScuMitt ConstTRuCTION Company, J. P. Peoria, IIl. 

ScHNEENEA, C. A. 

SCHOENEMAN CEMENT BLock Company, THE. George, Iowa. 

ScHOULER, W. W. President, Standard Paving Company, 45 
Clinton Street, Newark, N. J. 

ScuusB,C.H. Concrete Contractor, 1947 Broadway, New York, 
noe, 

ScHuBERT, C. F. Witiiam. Concrete Contractor, 17 Grove 
Avenue, Oil City, Pa. 

ScuuBeErRT, B. Concrete Contractor, 155-159 Jamaica Avenue, 
Brooklyn, N. Y. 

ScCHUETTE CEMENT CONSTRUCTION Company. H. C. Schuette, 
President, Manitowoc, Wis. 

ScHuLTz, HERMAN F. Manager, Napoleon Artificial Stone Com. 
pany, 838 Riverview Avenue, Napoleon, Ohio. 

ScHUYLER, JOHN P. Concrete Contractor, Medina, N. Y. 

Scoutt, Witt J. General Sales Agent, American Hydraulic 
Stone Company, 1016 New York Life Building, Chicago, III. 

SEABOARD CEMENT STONE Company. Carl A. Haswin, Manager, 
Holly Beach, N. J. 

SEARLES, HirscH AND Gavan. Architects, Schofield Building, 
Cleveland, Ohio. 

SENSE Brotuers. Lafayette, Ind. 

SEWELL, JOHN STEPHEN. Vice-President and General Manager, 
Alabama White Marble Company, Gantts Quarry, Alabama. 

SHEA, T. 19 Hampden Street, Springfield, Mass. 

SHEARER, JAMES L. Concrete Contractor, Goldfield, lowa. 

SHELDON BROTHERS AND CompaNy. Concrete Contractors, 
G. E. Sheldon, General Manager, 405 South Second Avenue, 
Maywood, IIl. 

S:eRER, J. P. President, National Concrete Machinery Com- 
pany, 211 Grand Avenue, Milwaukee, Wis. 
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SHERMAN, HERBERT L. Chemist and Chemical Engineer, 12 
Pearl Street, Boston, Mass. 

SHocK AND FuLTON. 29 North Jefferson Street, Huntington, 
Ind. 

SHrover, A. W. Concrete Contractor, 607 Milton Avenue, 
Durham, N. C. 

SHuMAN, H. B. 451 Borom Avenue, Chicago, IIl. 

Stimpson BROTHERS CORPORATION. J. B. Simpson, Vice-Presi- 
dent, Reinforced Concrete Contractors, Room 58, 166 
Devonshire Street, Boston, Mass. 

Stmpson CEMENT Motp Company, Tue. H. G. Simpson, Secre- 
tary and Treasurer, 496 North High Street, Columbus, Ohio. 

SmMaLtey,I. W.B. Concrete Contractor, Plainfield, N. J. 

SMITH AND Son, O. F. Concrete Contractors, Brodhead, Wis. 

SmitH Company, T. L., THe. T. L. Smith, President, Majestic 
Building, Milwaukee, Wis. 

SmitH, GeorGeE, Jr. Johnston Avenue, Kearney, N. J. 

SmitH, J. Aucustine. Secretary and Sales Manager, Ideal 
Concrete Machinery Company, South Bend, Ind. 

SNELL MANUFACTURING Company, R. Z. Cement Mixers. 
Adam Hunsberger, 1801 Emsperger Street, South Bend, Ind. 

Snopcrass, A. E. Sellersville, Ind. 

Somers BrotHers. Frank A. Somers, 324 Flatiron Building, 
Urbana, IIl. 

Soper Company, Tue. Ellis Soper, President, rr1o Ford 
Building, Detroit, Mich. 

SouDER AND Son, F. H. Building Blocks, A. A. Souder, 
Lansdale, Pa. 

SoutH BEND MAcHINE MANUFACTURING Company. D. Mc- 
Henry, President, 1702 South Franklin Street, South Bend, 
Ind. 

SOUTHWESTERN LIME AND CEMENT Company. D. Van Smith, 
Treasurer, Charleston, S. C. 

SOUTHWESTERN PoRTLAND CEMENT Company, S. C. McCurdy, 
General Sales Agent, Herald Building, El Paso, Texas. 
SouTHERN Roorinc AND Pavinc ComMpaNy. 1006 West Main 

Street, Louisville, Ky. 

SOUTHERN TILE AND Stone Company. T. D. Meador, Jr., 

President, 63 Central Avenue, Atlanta, Ga. 
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SoutH OMAHA ArTIFICIAL STONE Company. D. M. Click, 
1823 M Street, South Omaha, Neb. 

SoutH SipE CEMENT Company. Milwaukee, Wis. 

SPACKMAN ENGINEERING CoMPANY, Henry S. Chemical and 
Industrial Engineers. H. S. Spackman, President, 42 
North Sixteenth Street, Philadelphia, Pa. 

SPANGLER AND Company,A. F. Concrete Contractors, 31 Wash- 
ington Place, East Orange, N. J. 

SPANGLER, WILLIAM. President and Treasurer, Century Con- 
crete Company, 22 Clinton Street, Newark, N. J. 

Spau.tpinc, E.N., anp R. E. Ralph E. Spaulding, Concrete 
Contractors, Suffield, Conn. 

SporrorD, CHARLES M. Professor of Civil Engineering, Poly- 
technic Institute, Brooklyn, N. Y. 

SPRINGVILLE CONCRETE Company. F.C. Stady, Manager, Con- 
crete Contractors, Springville, Erie County, N. Y. 

StaHL, ALvAH F. Concrete Contractor, Ridgewood, N. J. 

StauLt, F. N. Concrete Contractor, 108 Thompson Street, 
Latrobe, IIl. 

STANDARD CEMENT Brick AND BLock Company. T. A. Chad- 
burn, Managing Director, 242 St. James Street, Montreal, 
Canada. 

STANDARD CONCRETE Company. Concrete Contractors (Build- 
ing Blocks), Post Office Box No. 43, Altoona, Pa. 

STANDARD MACHINE Company, THE. Kent, Ohio. 

STANDARD SAND AND MACHINE CoMPANY. 507 St. Claire Street, 
Cleveland, Ohio. 

STANDARD STONE CoMPANY OF AMERICA. 1 Madison Avenue, 
New York, N. Y. 

STANDARD WATERPROOFING Company. O. O. Fry, General 
Manager, 720 West Washington Street, Indianapolis, Ind. 

STANLEY, GeorGeE L. Concrete Contractor, 35 King Street, 
Ashtabula, Ohio. 

STEELE, D. H. Ilion, N. Y. 

STEIGLEDER AND Son, N. J. Concrete Contractors, North 
Avenue and Hooper Street, Brookland Park, R. F. D. No. 
60, Henrico County, Va. 

STEPHENS, H. B. Eaton, Ohio. 
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STERLING ENGINEERING AND CONSTRUCTION CoMPANY. Gustav 
E. Kahn, Superintendent, 406 Uihlein Building, Milwaukee, 
Wis. 

STEUBENVILLE STONE CompaNy, THE. Frank Stecker, Vice- 
President, 252 North Sixth Street, Steubenville, Ohio. 
STEVENS, CHARLES W. Concrete Contractor, 147 Harvey 

Stieet, Harvey, II. 

STEVENS STONE Company. Akron, N. Y. 

STEWART, GEORGE H. Master Mason, Buffalo, Rochester and 
Pittsburg Railway, 9 Highland Avenue, East Salamanca, 
maY. 

Stinson, KENNEDY. Managing Director, Stinson-Reeb Builders’ 
Supply Company, 904 Eastern Township Bank Building, 
Montreal, Canada. 

STOCKER GRAVEL AND ARTIFICIAL STONE COMPANY. Fred. 
Stocker, President, Highland, Madison County, IIl. 

Stockton, W. H. Concrete Contractor, 165 Center Street, 
Ashtabula, Ohio. 

STONE, GEORGE W. ‘Treasurer, Concrete Construction Com- 
pany, 52 Hollywood Street, Worcester, Mass. 

STONE-STEEL Company. Adolph Schilling, General Manager, 
43 Eagle Street, Albany, N. Y. 

SToWE-FULLER Company, THE. Cleveland, Ohio. 

Stowers, CHARLES A. Manager, Akron Concrete Company, 
691 Bell Street, Akron, Ohio. 

STRINGER MACHINE Company. E. L. Peck, Manager, Jackson, 
Mich. 

STUART AND O’BriEN. Cement Contractors, Paris, Ky. 

Stusss, R.C. Concrete Contractor, 303 Grand Avenue, Dallas, 
Texas. 

St. CATHERINES BUILDING AND PavinG Company. St. Cath- 
erines, Ontario, Canada. 

St. Louis Hottow Concrete BiLock ConstRucCTION COMPANY. 
W. S. Windsor, President, 7600 North Broadway, St. Louis, 
Mo. 

St. Louis PortLaAnp CemEenT Company. A. H. Craney, Jr. 
Vice-President, Liggett Building, St. Louis, Mo. 

SuLLIVAN, CoRNELIus J. Concrete Contractor, 126 South 
Clinton Street, Syracuse, N. Y. 
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SUPERIOR CEMENT Roorinc Company. H. M. Kelly, Secretary, 


Bryan, Ohio. 

SUPERIOR PORTLAND CEMENT COMPANY, THE. C. F. Har- 
wood, Sales Manager, 1503 Union Trust Building, Cincin- 
nati, Ohio. 


Suter, H. A. Concrete Contractor, 703 North Twenty-second 
Street, St. Joseph, Mo. 

SVENSON-SHUMAN MACHINE Company. John Svenson, Presi- 
dent, 602 Bessemer Building, Pittsburgh, Pa. 

Tait-NORDMEYER ENGINEERING CoMPANY, R. H. Tait, Wright 
Building, St. Louis, Mo. 

TaLBoT, ARTHUR N. Professor of Municipal and Sanitary 
Engineering, University of Illinois, Urbana, III. 

TaLL,P.F. 317 E. N. Capitol Avenue, Indianapolis, Ind. 

TARBOX AND McCa.Li. Concrete Contractors, Harry Tarbox, 
953 Western Avenue, Findlay, Ohio. 

Texas PorRTLAND CEMENT Company. F. R. Bissell, President, 
Cement, Texas. 

THOMAS CEMENT CONSTRUCTION Company. Joliet, Il. 

THompson, SANFORD E. Consulting Engineer and Expert in 
Reinforced Concrete, Newton Highlands, Mass. 

THORN, ALFRED W. President, Thorn Cement Company, 820 
Prudential Building, Buffalo, N. Y. 

THORNHILL, J. H. 256 East North Street, Winchester, Ind. 

TINGLE, Epwarp. Concrete Contractor,. Eaton, Ohio. 

TINKER CONCRETE AND NATIONAL VAULT ComPANY, THe. S.A. 
Drake, Treasurer, 37 Strothmore Avenue, Cleveland, Ohio. 

Tipper, Harry. Standard Asphalt Rubber Company. 

TocH BrotHers. Paint Manufacturers, 320 Fifth Avenue, 
New York, N. Y. 

Tomes, P. Austin. Advertising Manager, Atlas Portland 
Cement Company, 30 Broad Street, New York, N. Y. 

Townsenp, F. S. Concrete Contractor, 324 West Sycamore 
Street, Sycamore, IIl. 

*TRUSSED CONCRETE STEEL Company. S. M. Fechheimer, Man- 
ager, Publicity Department, Trussed Concrete Building, 
Detroit, Mich. 

Truss Metat LatH Company. Martin Kithne, Vice-President, 
147 Fourth Avenue, New York, N. Y. 
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TucKER, HERMAN FRANKLIN. Designing Engineer, Isthmian 
Canal Commission, Culebra, Canal Zone. 

TuLLEY, THomas J. Vice President, Denver and Pueblo Con- 
tracting Company, 303 Railroad Building, Denver, Col. 
*TURNER CONSTRUCTION ComPANY. Henry C. Turner (Treasurer), 

President, 11 Broadway, New York, N. Y. 

TorNER, C. A. P. President, Northwestern Cement Products 
Association, 816 Phoenix Building, Minneapolis, Minn. 

TURNER, JOHN J. Amsterdam, N. Y. 

TURNER, JOHN P. Superintendent, John J. Turner and Sons, 
53 Union Street, Amsterdam, N. Y. 

TwaMLey, J. F. General Sales Agent, Copley Cement Manu- 
facturing Company, 519 Pennsylvania Building, Phila- 
delphia, Pa. 

TwitcHeLL, J. H. Superintendent, Concrete Building Block 
Company, 45 Clinton Street, Newark, N. J. 

Two MrIrRAcLes CONCRETE CoMPANY. Helena, Mont. 

UBBINK, JOE. 214 Pier Street, Port Washington, Wis. 

Unperwoop, N. Concrete Contractor, Durham, N. C. 

UniTeED CEMENT MACHINERY MANUFACTURING COMPANY, 
Plain City, Ohio. 

*UnitepD Kansas PorTLAND CEMENT CompPaANy. George E. 
Nicholson, President, Iola, Kansas. 

*UNIVERSAL PoRTLAND CEMENT Company. Edward M. Hagar, 
President, Commercial Bank Building, Chicago, III. 

U. S. Gas Company. H. C. Hausen, President, Muskegon, 
Mich. 

VictoR PoRTLAND CEMENT Company. Francis H. D. Banks, 
President, Central Building, Sixth and Main Streets, Los 
Angeles, Cal. 

VittaLTta, J. F. Barcelona, Spain. 

Vininc, Day P. President, The Miles Manufacturing Company, 
Concrete Block Machinery, 110 West Cortland Street, 
Jackson, Mich. 

VirRGINIA CONCRETE AND ENGINEERING Company. E. V. N. 
Heermance, Lock Box 46, Rocky Mount, Va. 

*VIRGINIA PorRTLAND CEMENT Company. R. W. Kelley, 
5 Nassau Street, New York, N. Y. 

Voorness, S. S. Engineer of Tests, Treasury Department, 
Washington, D. C. 
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*VULCANITE PORTLAND CEMENT Company. Albert Moyer, 
Sales Manager, Flatiron Building, New York, N. Y. 

WasBasH PorRTLAND CEMENT Company. Emil Stroh, General 
Manager, 1824 Ford Building, Detroit, Mich. 

WapswortH, HowLanp anp Company, INCORPORATED. F. A. 
Gunnison, 84 Washington Street, Boston, Mass. 

WaHL AND Company, H. J. South Second Street, Lykens, Pa. 

WALKER AND Son, C. Concrete Contractors, Post Office Box 
No. 628, North Platte, Neb. 

WaLNnuT CEMENT Stone Company. J. B. Johannson, Walnut, 
Iowa. 

WaAPAKONETA CEMENT AND BLock Company. Wapakoneta, Ohio. 

Warp anv Son, W.H. Harvard, Ill. 

WARNER AND Son, E. M. E. Warner, Concrete Contractors, 
Marion, N. Y. 

Warner, Henry P. President, Onondaga Litholite Company, 
Northwest and Tracy Streets, Syracuse, N. Y. 

Watson, CHartes D. 620 Kirk Block, Syracuse, N. Y. 

Watson, Merritt. General Sales Manager, Consolidated Ex- 
panded Metal Companies, 225 Fifth Avenue, New York, N.Y. 

Watts, H. Knightstown, Ind. 

WATTERSON AND SCHNEIDER. Architects, New England Build- 
ing, Cleveland, Ohio. 

Way, Raymonp B. Concrete Contractor, Brooklyn, Ohio. 

Wear, F. E. Kansas City, Mo. 

Wess, S.G. 1062 Madison Avenue, Columbus, Ohio 

WesBeER, FrepG. President, Webber Construction Company, 
1 Madison Avenue, New York, N. Y. 

Weimer, A. W. Geneseo, IIl. 

WetcH, CHARLES J. Concrete Contractor, Victoria, Texas. 

We tty, P. P. Columbus, Ohio. 

Wenz, IrvinG J. Manager, J. E. Horne Concrete Company, 
220 Central Avenue, P. O. Box 323, Temple, Texas. 

West Benp Concrete Works. West Bend, Wis. 

Western Builder. Norman A. Wigdale, Editor, Montgomery 
Building, Milwaukee, Wis. 

*WeESTERN PorTLAND CemENT Company. C. B. McVay, Sales 
Manager, Yankton, S. D. 

WestTINGHOUsE, CHURCH, KERR AND Company. Cloyd M, Chap- 
man, Engineer in charge, 10 Bridge Street, New York, N. Y. 
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West Park Brock Company. M. M. Lutz, President, Concrete 
Contractors, West Park, Ohio. 

WETTLAUFER BrotuHers. George Wettlaufer, Block Machinery, 
497 Ellicott Street, Buffalo, N. Y. 

WHEELER, Harris A. Old Colony Building, Chicago, III. 

Wuitaker, Witi1am L. Manager, Oklahoma Portland Cement 
Company, Ada, Okla. 

WHITE AND SHupe. Architects, Schofield Building, Cleveland, 
Ohio. 

Wuitcoms, Georce M. Desplaines, Ill. 

White, J. E. 132 LaSalle Street, Chicago, III. 

WHITEHALL PorTLAND CEMENT Company. Howard B. Green, 
Sales Manager, 1722 Land Title Building, Philadelphia, Pa. 

WIEDERHOLD, Henry. Manager, The Vulcanite Paving Com- 
pany, Land Title Building, Philadelphia, Pa. 

Wicut, Frank C. Associate Editor, Engineering News, 220 
Broadway, New York, N. Y. 

Witcox, Frep E. The Wilcox Company, 38 Northampton 
Avenue, Rochester, N. Y. 

Wituiams, L. B. Concrete Contractor, Coon Rapids, Iowa. 

Wituiams, Ira A. Associate Professor of Mining Engineering, 
Iowa State College, Ames, Iowa. 

Witson, Herspert C. Manager, George W. Carr Company, 
518 Main Street, Worcester, Mass. 

Witson, Jr., JosepH E. Concrete Contractor, 128 South First 
East Street, Logan, Utah. 

Witson, Percy H. Consulting Engineer, 1309 Land Title 
Building, Philadelphia, Pa. 

WinsuHip, Georce W. Concrete Contractor, Corner Lawrence 
and Waterbury Streets, Saratoga Springs, N. Y. 

Winstow Company, E. J. E. J. Winslow, President, 138 
Jackson Boulevard, Chicago, IIl. 

WINZENBURG AND Son, A. W. Wood’s Block, Sedalia, Mo. 
WISELOGEL AND Company. Concrete Contractors. W. F. 
Wiselogel, 220 East Western Avenue, Muskegon, Mich. 

WoopnouseE, Harry. Yonkers, N. Y. 

*WoOLVERINE PorRTLAND CEMENT Company. E.R. Root, Sec- 
retary and Treasurer, Coldwater, Mich. 

Worm, Fritz. President, German American Portland Cement 
Works, La Salle, Ill. 
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Worswick STREET Pavinc Company. Fresno, Cal. 

Wricut, Georce C. (Secretary). Consulting Engineer, 35 Grand 
Avenue, Rochester, N. Y. 

Wricut,S.M. President, Memphis Hydraulic Stone Company, 
Memphis, Tenn. 

Wyatt, Freperick E. Concrete Block, 7 Avondale Park, 
Rochester, N. Y. 

Yarwoop, Tuomas. Concrete Contractor, 896 Thomas Street, 
Memphis, Tenn. 

YounG CONCRETE AND CONSTRUCTION CompANY, THe. E. J. 
Young, President, 11 East Main Street, Waterbury, Conn. 

Younc AnD Son,H.M. Concrete Contractors, Eaton, Ohio. 

Youncstown ArT SToNE CONSTRUCTION ComMPANy. Timothy 
Behan, General Manager, Youngstown, Ohio. 

Youncstown Ice Company. E.S. Walton, Youngstown, Ohio. 

ZEISER BROTHERS. John R. Zeiser, Manager, Concrete Con- 
tractors (Sidewalks), 318 East Eighth Street, Berwick, Pa. 

ZEMMER, ALBERT J. Concrete Contractor, 2919 North Boule- 
vard, Port Huron, Mich. 

ZOLFER, Henry. Concrete Contractor, 204 Burlington Street, 
Mendota, III. 

ZUBERBUHLER, ALEXANDER. Concrete Block Machines, Kvar- 
tira 1, Dom Loukinoi, Skatertnoi Pereoulok, Moscow, 
Russia. 
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Birmingham 
Gantts Quarry 


Fort Smith 
Hot Springs 


Jonesboro 
Little Rock 


Fresno 

Los Angeles 
San Diego 
San Francisco 
Santa Cruz 


Denver 


Greeley 


Bridgeport 
Hartford 
Meriden 
Naugatuck 
Suffield 
Tariffville 
Waterbury 


Wilmington 
Wyoming 


ne cna i 


ALABAMA. 


Alabama Consolidated Coal and Iron Company. 
Sewell, John Stephen, 


ARKANSAS. 


Ellefson, A. 

Hot Springs Concrete Company. 
Gibson, R. A. 

Adkins, H. L. 

Little Rock Art Stone Company, 


CALIFORNIA. 


Worswick Street Paving Company. 
Victor Portland Cement Company. 
Cornell, Mead. 

Priddle, Arthur. 

Martin, F. F. 


COLORADO. 


American Hydraulic Stone Company. 
Cement Machinery Supply Company. 
Colorado Portland Cement Company. 
Hayden, William. 

Jewett, J. Y. 

Tulley, T. J. 

Bartlett Lumber Company, The. 


CONNECTICUT. 
Paige, A. W. 
Howard, F. W. 
Meriden Concrete Company. 
Potter, Charles M. 
Spaulding, E. N. and R. E. 
Ketchin and Son, A. J. 
Young Concrete and Construction Company, E. J. 


DELAWARE. 


Crozier, Alfred O. 
Newton, W. M. 


' 
(608) ' 
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Washington 


Jacksonville 


Atlanta 


Dublin 


Twin Falls 


Alton 


Arcola 


Bloomington 
Bradley 
Centralia 


Chadwick 
Chicago 


39 


DISTRICT OF COLUMBIA. 
Blethyn, Benjamin. 


Palmer Hollow Concrete Building Block Company. 
Voorhees, S. S. 


FLORIDA. 
McCarroll Camp Stone Company. 


GEORGIA. 


Atlanta Concrete Manufacturing and Construction 
Company. 

Bellingrodt, N. O. 

“The Concrete Age.” 

Fulton County Supply Company. 

Southern Tile and Stone Company. 

Georgia Hydraulic Stone Company. 


IDAHO. 
Ball Brothers. 


ILLINOIS. 


Alton Roofing, Artificial Stone and Supply Company. 
Beirer, W. and H. 

Mack, E. C. 

Lough, William. 

Ewing Concrete Company, The Davis. 
Burrell, W. C. 

Blakely, J. M. 

Clark, J. W. 

Bailey and Company, W. W. 

Affleck, B. F. 

American Steel and Wire Company. 
Bailey, H. L. 

Boynton, C. W. 

Byron Construction Company, M. P. 
“Cement and Engineering News.” 
“Cement Era.” 

“Cement World.” 

Chicago Portland Cement Company. 
Contractors Supply and Equipment Company. 
De Smet, George W. 

Dickinson, William. 

Dunn and Company, F. W. 

Dunn and Company, W. E. 

Eaton, Frederick W. 
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Chicago 


Chrisman 
Desplaines 
Edinburg 
Elgin 
Elmhurst 
Evanston 
Galesburg 
Geneseo 


Glencoe 
Harvard 
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Elliott, A. B. 

Ewen and Company, J. M. 
Garden City Sand Company. 
Gill, J. Robert. 

Griesenauer, G. H. 

Ironite Company. 

Irvine, Fred K. 

Jackson, Incorporated, G. M. 
Jaxon, Honore J. 

Kelly, E. B. 

Koppel Company, Arthur. 
Kreamer, Fitz G. H 
Lindgren, John F. 

Lippold, B. F. 

Marquette Cement Manufacturing Company. 
McArdle, P. C. 

McCollough. Ernest. 
McDaniel, J. U. C. 
McLennan, Hugh. 

Meacham and Wright Company. 
Moore, J. E. 


Municipal Engineering and Contracting Company. 


“National Builder.” 
Northwestern Expanded Metal Company. 
Parsons, A. E. 

Push, O. G. 

“Rock Products.” 

Schall, Joseph. 

Scoutt, Will J. 

Shuman, H. B. 

Universal Portland Cement Company. 
Wheeler, Harris A. 

White, J. E. 

Winslow Company, E. J. 

Chrisman Concrete Stone Company. 
Whitcomb, George M. 

Harrington, J. R. 

Bell, William. 

Elmhurst-Chicago Stone Company. 
Evanston Hydraulic Stone Company. 
Munson, P. O. 

Hamann, C. H. 

Weimer, A. W. 

Flanders, J. J. 

Ward and Son, W. H. 
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Harvey 
Highland 
Hillsboro 
Homer 
Jerseyville 
Joliet 
Kankakee 
Lake Villa 
La Salle 
Latrobe 
Mackinaw 
Maywood 
Mendota 
Milford 
Mount Morris 
Neponset 
Olney 
Paris 
Pekin 


Peoria 
Princeton 
Rockford 
Rock Island 


Runnels 
Springfield 
Saunemin 
Stillman Valley 
Sycamore 
Urbana 


Waukegan 
West Brooklyn 
White Hall 


Brazil 
Brook 
Connorsville 
Crown Point 
Delphi 
Elkhart 


Stevens Charles W. 

Stocker Gravel and Artificial Stone Company. 
Blackburn, W. L. 

Farley and Company, James J. 

Frost and Sons. 

Thomas Cement Construction Company. 
Kankakee Artificial Stone Company. 
Hamlin, F. M. 

Worm, Fritz. 

Stahl, F. N. 

Porter, W. 

Sheldon Brothers and Company. 

Zolfer, Henry. 

Rush, J. M. 

Buser Concrete Construction Company. 
Robinson and Stuart. 

Gilbert, W. H. 

City Artificial Stone Company. 

Jansen and Zoeller. 

Saal and Brooking. 

Kramer Automatic Tamper Company. 
Schmitt Construction Company, J. P. 
Illinois Gravel Company. 

Rubendall Brothers. 

Rockford Concrete Construction Company. 
Sawyer, W. W. 

Concrete Construction Company. 
Robinson Construction Company. 
McAdams Sand Company. 

Capital City Concrete Construction Company. 
Kennedy, E. S. 

Dickerman, L. 

Townsend, F. S. 

Somers Brothers. 

Talbot, Arthur, N. 

Miller, F. N. 

Gander, Prosper. 

McAvoy, E. 


INDIANA. 


Flagg, C. W. 

Cunningham Brothers. 

Moffett, A. C. 

Crowell, E. H. 

Kerlin Automatic Post Machine Company. 
Longacher and Company, P. F. 
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Evansville 
Fort Branch 
Fort Wayne 
Huntington 
Indianapolis 


Kendallville 
Knightstown 


Lafayette 


New Trenton 
Portland 
Sellersville 
South Bend 


Sullivan 
Terre Haute 


Tipton 
Topeka 
Warsaw 
Winchester 
Wolcott 


Ames 
Blairstown 
Cedar Rapids 
Coon Rapids 
Creston 

Des Moines 
Estherville 
Fort Madison 
George 


Lensing, H. A. 

McClanahan Concrete Company. 
Fort Wayne Cement Stone Company. 
Shock and Fulton. 

Brown, Charles Carroll. 

Dunlap, Simon L. 

Goodwin, H. E. 

National Bridge Company. 

Paulson, T. E. 

Standard Waterproofing Company. 
Tall, P. F. 

Adams, Adolph. 

Knightstown Concrete Company. 
Watts, H. 

Kramer, B. K. 

Sense Brothers. 

Bower, Vernon D. 

Holmes, W. C. 

Snodgrass, A. E. 

Clover Leaf Machine Company. 
Edmonson Concrete Machinery Company. 
Havlick, Robert F. 

Ideal Concrete Machinery Company. 
Pulfer, George B. 

Smith, J. Augustine. 

Snell Manufacturing Company, R. Z, 


South Bend Machine Manufacturing Company. 


Mankedick, Charles. 
Cutshall, J. H. 

Pettyjohn Company, The. 
Miller, W. H. 

Bender, A. L. 

LeHew and Sons, T. M. 
Thornhill, J. H. 

Blake, J, A. 


IOWA. 


Williams, Ira A. 

Everett, S. V. 

Neubauer, J. F. 

Williams, L. B. 

Kenney, E. 

Marsh, J. B. 

Bingham, L. L. 

Downs, John. 

Schoeneman Cement Block Company. 
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Goldfield 
Hampton 
Keokuk 
Oskaloosa 
Rock Rapids 
Sac City 
Sioux City 
Walnut 


Emporia 
Independence 
Iola 


Wichita 


Henderson 
Lexington 


Louisville 


Madisonville 
Paris 


New Orleans 


Bangor 


Baltimore 


Frederick 
Hagerstown 


Boston 


Shearer, James L. 

Sargent,G E. 

Brownell, F. 

Carlon Construction Company. 
Anchor Concrete Stone Company. 
Schaller, Philip. 

Corn Palace Cement Works. 
Walnut Cement Stone Company. 


KANSAS. 


Ballweg, E. C. 

American Concrete Company, The. 

Iola Portland Cement Company. 

Nicholson, George E. 

United Kansas Portland Cement Company. 
Cement Stone and Supply Company. 


KENTUCKY. 
Kleiderer and Son, C. F. 
Graves Company, B. A. 
Central Concrete Construction Company. 
Kosmos Portland Cement Company. 
National Concrete Construction Company. 
Southern Roofing and Paving Company. 
Lunsford, W. A. 
Stuart and O’Brien. 


LOUISIANA. 
Panushka, J. W. 


MAINE. 
Grady, William H. 


MARYLAND. 
Fisher Hydraulic Concrete Machinery Company 
‘Manufacturers’ Record.” 
National Hydraulic Stone Company. 
Mantz, E. P. 
Angle, Samuel P. 


MASSACHUSETTS. 


Aberthaw Construction Company. 
Armstrong Concrete Specialty Company, Inc, 
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Boston Buss, Edward A. 
Eastern Concrete Construction Company. 
Emerson and Norris Company. 
Ham, W. H. 
Hayward, H. W. 
Hind, Thomas J. 
Larned, E. S. 
Sherman, Herbert L. 
Simpson Brothers Corporation. 
Wadsworth, Howland and Company. 


Brookline Lowe-Armington Company. 

Ludlow Birnie, Alexander C. 

Malden Negus, Arthur I. 

Newton Highlands Thompson, Sanford E. 

Norwood Norwood Cement Stone Construction Company. 

South Framingham Hayes, J. W. 

Springfield Hampden Press Stone Company. 
Ley and Company, Incorporated, Fred T. 
Shea, T. 

State Farm Maynard, Arthur J. 

Worcester Concrete Construction Company. 


Stone, George W. 
Wilson, Herbert C. 


MICHIGAN. 

Alpena Besser Manufacturing Company, The 
Baroda Feather, W. A. 
Bay City Eickemeyer, Henry. 
Belding Ballou Manufacturing Company. 
Benton Harbor Bean, Jr., W. Worth, 
Bessemer Bayliss Concrete Stone and Brick Company. 
Cassopolis Dover Cement Tank and Silo Company. 
Coldwater Wolverine Portland Cement Company. 
Detroit “Concrete.” 

Detroit Fireproofing Company. 

Harper, D. N. 


Kennedy and Berry. 

Kennedy and Lowry. 

Soper Company, The. 

Trussed Concrete Steel Company. 

Wabash Portland Cement Company. 
Elk Rapids Frink and Son Company, G. F. 


Grand Rapids Battjes Fuel and Building Material Company. 


Battjes, F. 
Dykema Company, The. 
Kimm, Charles A. 
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Grand Rapids 


Jackson 


Jonesville 
Lansing 
Manistee 


Monroe 
Muskegon 


Northville 
Petosky 
Port Huron 


Saginaw 


Three Rivers 
Traverse City 


Union City 


Minneapolis 


St. Paul 


Aberdeen 
Corinth 


Morgan, A. W. 

Newaygo Portland Cement Company. 
Cement Machinery Company. 
Chamberlain C. A. 

Hall-Holmes Manufacturing Company. 
Hartwick Machinery Company. 
Knickerbocker Company, The. 
Northwestern States Portland Cement Company. 
Stringer Machine Company. 

Vining, Day P. 

Omega Portland Cement Company. 
Fisher, Fred. 

New Way Motor Company. 
Ornamental Stone Company. 
Cramond, John H. 

Hamen and Nelson: 

Radtke-Walter Company, The. 
Concrete Construction Company. 
Dyer, W. E. 

U. S. Gas Company. 

Wiselogel and Company. 

Bovee and Son, M. 

Hollow Wall Machine Company. 
Cement Brick Company. 

Zemmer, A. J. 

Granville, John J. 

Saginaw Concrete Stone Company. 
D. and A. Post Mold Company, The. 
Goodrich, F. R. 

Queen City Brick Machine Company. 
Peerless Portland Cement Company. 


MINNESOTA. 


Miracle, R. O. 

Miracle Pressed Stone Company. 

Nelson Brothers Paving and Construction Company. 
Nodamp Concrete Block Machine Company. 
Peerless Brick Machine Company. 

Turner, C. A. P. 

Burkley, Fay M. 

Roche, Martin. 


MISSISSIPPI. 


Brannin, Addison. 
Economy Concrete Machinery Company. 
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Carthage 
Flat River 
Kansas City 


Liberty 
Sedalia 
St. Joseph 


St. Louis 


Helena 


Blue Springs 
Lincoln 
North Platte 
Sargent 
South Omaha 
Surprise 
Tekan ..n 
York 


Atlantic City 


Bayonne 


MISSOURI. 


Carthage Superior Limestone Company. 

Carlsen, C. J. 

Burness, F. B. 

Ash Grove Lime and Portland Cement Company. 

Granilite Manufacturing Company. 

Wear, F. E. 

Hayes, B. F. 

Winzenburg and Son, A. W. 

Phipps, F. S. 

Ross, Ernest S. 

Suter, H. A. 

Brock Brothers Manufacturing Company. 

Corrugated Bar Company. 

Eckhard, Christian. 

Glencoe Lime and Cement Company. 

Henley, H. C. 

Johnson, A. L. 

Lindau, Alfred E. 

Nyflot, John. 

Otto, Henry C. 

Reinforced Concrete Construction Company. 

Ruprecht Voirol Concrete Construction Company. 

St. Louis Hollow Concrete Block Construction Com- 
pany. 

St. Louis Portland Cement Company. 

Tait-Nordmeyer Engineering Company, 


: 
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MONTANA. 


Two Miracles Concrete Company. 


NEBRASKA. 


Mayne, F. K. 

Benner, E. E. 

Walker and Son, C. 

Harris and Son, C. L. 

South Omaha Artificial Stone Company. 
Gill, George H. 


Lillie, G. F. 
Porter, L. E. 
NEW JERSEY. 


Hamilton, R. T. 
Minnick, John R. 
Ahlfeld, Carl. 
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Bloomfield 
Camden 


East Orange 


Elizabeth 
Hoboken 
Holly Beach 
Jersey City 
Kearney 
Lambertville 
Little Ferry 
Long Branch 
Mount Holly 
Newark 


Orange 
Passaic 
Paterson 
Perth Amboy 
Phillipsburg 
Plainfield 


Red Bank 
Ridgewood 


Riverton 
Stewartsville 


Akron 


Albany 
Amsterdam 


Auburn 


Odgen and Cadmus. 

Merritt and Company. 

Prince, George C. 

New Jersey Cement Stone Company. 
Spangler and Company. 

Eilbacher, Joseph F. 

Davis, Benjamin Herman. 

Seaboard Cement Stone Company. 

Hall, Incorporated, James P. 

Smith, Jr., George. 

Godwinn, George. 

Dietrichs Clamp Company. 

Conk, William. 

Logan, James. 

\bbey-Dodge-Brooks Concrete Company, The. 
New Jersey Cement Construction Company. 
Schouler, W. W. 

Spangler, William. 

Twitchell, J. H. 

Harms, John. 

Felix, Edward R. 

Passaic County Miracle Pressed Stone Company. 
Raritan Cement Stone Manufacturing Company. 
Gadon, George. 

Lawrence Cement Company. 

Plainfield Cement Stone Company. 

Smalley, I. W. B. 

Hercules Construction Company. 
Christopher, Joseph H. 

Hopper, James G. 

Jeffer and Christopher. 

Stahl, Alvah F. 

MacMullin, Samuel. 

Edison Portland Cement Company. 


NEW YORK. 


Cummings, Palmer. 

Eastern Concrete Machinery Supply Company. 
Jackson Company, The F. M. 

Marblecrete Products Company. 

Stevens Stone Company. 

Stone-Steel Company. 

Collier, D. M. 

Turner, John J. 

Turner, John P. 

Rightmyer, J, S. 
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Auburndale 
Batavia 
Bayside 
Bedford 
Binghamton 


Brooklyn 


Buffalo 


Carthage 
Cuba 


Despatch 

East Salamanca 
Evergreen 

Far Rockaway 
Flatbush 


Freeport 


Glens Falls 
Harpursville 
Tlion 
Livonia 
Lyndonville 
Marion 
Medina 

New York 
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Franklin, Lester R. 

Alexander, Charles A. 

Hamill, George J. 

Nelson, Albert G. 

Crosset and Lloyd Concrete Company. 
Lloyd, Walter O. 

Mason, Franklin J. 

Palmer Manufacturing Company. 
Schubert, B. 

Spofford, Charles M. 

Dennis, J. E. 

Hurley, William. 

Hydraulic Concrete Machine Company. 
Josephs, J. G. 

Newerf, N. C. 

Rupp, C. A. 

Thorn, Alfred W. 

Wettlaufer Brothers. 

Leach, J. B. 

Grady, Frank A. 

Jordan, J. E. 

McVey, John R. 

Genther, William J. 

Stewart, George H. 

Art Concrete and Construction Company. 
Roche, Edward. 

Barker, H. L. 

Farquharson Realty Company. 
Freeport Artificial Stone Company. 
Johnson, A. S. 

Glens Falls Portland Cement Company. 
Lewis, Frank. 

Steele, D. H. 

Livonia Cement and Block Factory. 
Nie, Thomas H. 

Warner and Son, E. 

Schuyler, John P. 

Atlas Portland Cement Company. 
Cairns, Edward T. 

“Cement.” 

Cement Engineering and Construction Company. 
Clinton Wire Cloth Company. 
Concrete Products Company, The. 
Eldridge, Arthur S. 

“Engineering Record.” 

Goodrich, E. P 
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Hazen, William N. 

Hopkins, Alfred. 

Horn Company, A. C. 

“Tron Age.” 

Kimball, C. A. 

King, Jr., Wallace, 

Knickerbocker Chemical Company. 
Miller and Company, H C. 

Miller, Rudolph P. 

Moyer, Albert. 

Palmer, H. Van R. 

Pennsylvania Cement Company. 
Pierson and Company, Arthur N, 
Remington, H. W. 

Schub, C. H. 

Standard Stone Company of America. 
Toch Brothers. 

Tomes, P. Austin. 

Truss Metal Lath Company. 

Turner Construction Company. 
Virginia Portland Cement Company. 
Vulcanite Portland Cement Company. 
Watson, Merrill. 

Webber, Fred G. 

Westinghouse, Church, Kerr and Company. 
Wight, Frank C, 


North Tonawanda Fisher, George F. 


Hydraulic Cement Manufacturing Company 


Oneida Oneida Community, Ltd. 

Orchard Park Hampton, E. S. 

Pittsford Minnaman, Eugene J. 

Rochester Century Cement Machine Company. 


Hitchcock, B. F. 

Norris, J. Frank. 

Pond, W. F. 

Rochester Composite Brick Company. 
Wilcox, Fred E. 

Wright, George C. 

Wyatt Concrete Block Company, F. E. 


Saratoga Springs Consolidated Litholite Company. 


Ledlie, David B. 
Winship, George W. 


Schenectady Ragan, Lloyd E. 


Springville 


Babcock, D. C. 

Cauger, George D. 

Conger, George D. 

Springville Concrete Company, 
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Suffern 
Syracuse 


Tonawanda 
Utica 
Walden 


Warners 
Waverley 
Westbury 
White Plains 
Yonkers 


Charlotte 
Durham 


Akron 


Alliance 
Ashland 
Ashtabula 


Barberton 
Batavia 
Bellevue 
Broadway 
Brooklyn 
Bryan 


Camp Perry 
Canal Dover 
Canton 


Daniels, M. S. 

Hill and Van Wagner. 

Onondaga Pressed Stone Block Company. 
Sullivan, C. J. 

Warner, Henry P. 

Watson, Charles D. 

National Roofing Company. 

Besch and Beebe. 

Rosencrans, I. 

Rosencrans, W. S. 

Empire Portland Cement Company. 
Isley, William R. 

Powers, Frank. 

Hendrickson, S. W. 

Moore, Egbert J. 

Woodhouse, Harry. 


NORTH CAROLINA. 


Haas, John W. 
Shroyer, A. W. 
Underwood, N. 


OHIO. 


Ewing Concrete Machinery Company. 
Goodwin, Howard G. 

Jackson Company, F. M. 

Phillips Company, The Thomas. 
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Concrete (Continued). 
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Piles. C. W. Gaylord, 300. 
Cost and Value of — Pavements. J. H. Chubb, 356. 


Cost of — Construction as Applied to Buildings. Leonard C. 
Wason, 38. 
Cost of Reinforced — Bridges, especially with regard to Mainte- 


nance. E, P. Goodrich, 219. 
Decorative — Stone. Frederick A. Norris, 179. 
Discussion on — Roads, 399. 
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Cost. 
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nance. E. P. Goodrich, 219. 
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Executive Board. 
Report of the — —, 533. 
Minutes of the Meetings of the — —, 538. 
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List of —, Fifth Exhibition, 562. 
Fireproofing. 
The Progress of the Association and the Necessity of — Construction. 
Richard L. Humphrey, 31. 
Floors. 
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370. 
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The Progress in the Use of Metal Forms with Comparative Costs. 
W. L. Caldwell, 347. ‘ 
Discussion on Metal —, 355. 
Hollow Blocks. 
See Blocks. 
Homes (see also Dwellings and Houses). 
Unuburnable —, Their Artistic and Architectural Possibilities. Ben- 
jamin A. Howes, Jr., 184. 
Houses (see also Dwellings and Homes). 
The Construction and Cost of Small Concrete —. C. R. Knapp, 204. 
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Report of Committee on —, Laws and Ordinances. W. H. Ham, 401. 
Discussion —, 450. 
Laws. 
Report of Committee on Insurance, — and Ordinances. W. H. Ham, 
401, 
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Methods of Attaching Shafting and — in Reinforced Concrete Build- 
ings. William M. Bailey, 155. 
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Methods. 
— of Attaching Shafting and Machinery in Reinforced Concrete 
Buildings. William M. Bailey, 155. 
Monolithic Concrete Wall Buildings — —, Construction and Cost. 
Robert Aiken, 83. 
Minutes. 
— of Meetings of the Executive Board, 538. 
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National Association of Cement Users. 
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Charter, 9. 
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List of Publications, 645. 
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Report of Committee on Insurance, Laws, and —. W. H. Ham, 401. 

Pavements (see also Roads). 
Cost and Value of Concrete —. J. H. Chubb, 356. 

Piles. 


Concrete —, Forms, Advantages and Cost as Compared with Wooden 
Piles. CC. W. Gaylord, 300. 
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See Cement. 
President’s Address. 
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Proceedings. 
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Advantage of Reinforced Concrete for - . B. H. Davis, 275. 
Regulations. 
Proposed Standard Building — for the Use of Reinforced Concrete, 
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Suggested Standard Building — for the Use of Reinforced Concrete, 
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Reinforced Concrete. 
— — Retaining Walls. A. E. Lindau, 241. 
Advantages of — — for Railway Construction. B. H. Davis, 275. 
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Reinforced Concrete (Continued). 


The Applicability and Comparative Cost of Concrete and — — for 
Subway Construction. Charles M. Mills, 262. 
Cold Storage Warehouses of — — Construction. J. P. H. Perry, 106. 
Comparative Cost of — — Buildings. Emile G. Perrot, 74. 
Cost of — — Bridges, especially with regard to Maintenance. E. P. 
Goodrich, 219. 
Discussion on — —, 520. 
Discussion of Report of Committee on -. Sanford E. Thompson, 
475. 
Methods of Attaching Shafting and Machinery in — — Buildings. 
William M. Bailey, 155. 
Proposed Standard Building Regulations for the Use of — —, 438. 
Report of Committee on — —. Sanford E. Thompson, 454. 
Suggested Standard Building Regulations for the use of — —, 408. 
Reinforcement (see also Steel). 
Evolution in for Concrete. Harry F. Porter, 127. 
Retaining Walls. 
Reinforced Concrete —. A, E. Lindau, 241. 
Discussion on — , 257. 
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Proposed Specifications for Portland Cement —, 377. 
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Shafting. 
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Yearly Output 
a 5,500,000 Bis. 


Daily Output 
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The Recognized Standard American Brand 


On the market for the past eighteen years. 
Only one grade manufactured. 
A strictly straight Portland which, in uniformity and 


strength, cannot be excelled. 
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ATLAS 


To those who “ know it,” the word “ATLAS ” stands for quality. It has 
purity and uniformity, two qualities that are absolutely essential, and which 
produce results not obtainable from many Portland Cements. 


The success of concrete 
construction depends upon 
the quality of the cement 


ATLAS is a brand to insist upon. It is made in one grade only, the same 
grade the U. 8S. Government purchased for the Panama Canal—the best. 


Send for our books on Concrete Construction: 


**Concrete Country Residences.’’—A beautiful book containing photo- 
graphs and floor plans of over 15C concrete houses, ranging in price from $2,000 
to $200,000. Send 25 cents for delivery charges. 


m . . 

Reinforced Concrete in Factory Construction.’’—It contains 
practical suggestions as to the most economical ways of handling concrete, with 
several chapters on mixing, and the best materials to use, besides complete 
descriptions of the systems of reinforcing in factory construction. Send 10 cents 
for delivery charges. 


** Concrete Construction About the Home and On the Farm.”’ 
—A book containing directions for making and handling concrete ; also many 
specifications, sectional drawings and photographs of work that can be built by 
the layman without skilled labor. Sent free. 


**Concrete Cottages.’’—A pamphlet showing photographs, floor plans 
and specifications for small concrete houses. Sent free. 


THE ATLAS portitano CEMENT CO. 
30 BROAD STREET NEW YORK CITY 
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PENNSYLVANIA 
PORTLAND 


Unsurpassed 





USED IN SOME OF 
THE MOST IMPORTANT WORKS 
IN THE COUNTRY 


Specified When Quality is Essential 





WRITE FOR BOOKLET 





Main Office 


26 CORTLANDT ST., NEW YORK CITY 


Branches 


BALTIMORE BOSTON 
Builders’ Exchange Bldg. 166 Devonshire Street 























THE NEW MIRACLE 
144-PAGE CATALOG 


This is a catalog of the largest manufacturers of con- 
crete machinery in the world—and it is more than a cato- 








log. Every man in the 
concrete industry — no 
matter how large or 
how small—will find in 
this big book something 
that he ought to know 
and is not likely to learn 
elsewhere. It is in fact 
what we have for years 
been working toward— 
a Complete Hand Book 
with the catalog, to pay 
the cost of publication 
and carrying charges. 
The size of page is 
9x12 inches. The cuts 





are large enough to show 
detail, and there are 
about 600 cuts in all—many of them new and of practical 
value. We show 

The New Miracle Mastodon Mixer 

The New Miracle Culvert Form 

The New Concrete Waterproofing “ R. 0. U.” 
which we consider the master stroke in the perfection of 
the concrete block business. 

But really, if interested, we want you to send for the 

catalog and judge it on its merits. Ask for Catalog “ D.” 


MIRACLE PRESSED STONE CO., Minneapolis, Minn. 


The Largest Manufacturers of Concrete Machinery in the World 
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VULCANITE 


Portland Cement 


BERKSHIRE ‘SNOW WHITE" 


Portland Cement 




















Reputation Unrivalled 




















Following Pamphlets by Albert Moyer, Assoc. Am. 
Soc. C. E., will be sent on application without charge. 


No. 1. White Portland Cement Mortar and Uses. 

No. 4. Hair Cracks and Crazing on Concrete Surfaces. 
No. 6. Selection and Proportion of Aggregates. 

No. 7. . Cement Sidewalk Paving. 

No. 8. Artistic Concrete Residence. 


Vulcanite Portland Cement Co. 


Land Title Building, Philadelphia 


Main Sales Office: Flatiron Bldg., New York 
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CORRUGATED BARS 


FOR REINFORCED CONCRETE CONSTRUCTION 











The distinguishing feature of the 
corrugated bar is its simplicity. 


You know just what to expect from it. 


Its bond with the concrete is positive 
and rational. 


Five different mills roll corrugated 
bars. This means quick deliveries. 


We supply corrugated bars bent, 
ready for placing. 


Send plans for our figures. 











CORRUGATED BAR CO. 


BANH OF COMMERCE BLDG., ST. LOUIS 


REPRESENTATIVES IN ALL LARGE CITIES 
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UNIVERSAL 











is strictly a true Portland ce- 
ment of the highest quality. It 
is thoroughly uniform in color 
and strength, perfectly sound, 
absolutely regular in setting 
qualities, and every barrel con- 
forms rigidly to Standard and 
Government specifications. 
The location of the plants with 
reference to transportation 
facilities, combined with a daily 
output of 17,000 barrels, now 
being increased to 23,000 bar- 
rels per day, insures the most 
satisfactory service in the mat- 
ter of prompt shipments. 














UNIVERSAL PORTLAND CEMENT CO. 


CHICAGO — PITTSBURG 


MM 
































E MAKE COLORS FOR CEMENT 

IN RED, BLUE, GREEN, BUFF, 

BLACK, AND SPECIAL SHADES TO 
MATCH STANDARDS. 


“TOXLOXPORE”’ damp-proofs cement- 
block walls, but does not change the ap- 
pearance of the cement. It is colorless. 


“LIQUID KONKERIT.” (Patented.) Is a 
cement paint. Can be applied to the 
outside of brick or cement walls, damp- 
proofing them, and is the color of 
cement. This material is made in spe- 
cial colors to suit. Write for color-card 
of standard shades. 


“TOXEMENT.”’ (Patented.) Is a powder. 
Mixed with neat cement it makes a 
waterproof compound for making cis- 
terns, tanks, reservoirs and other cement 
construction waterproof against pressure 


“CEMENT FILLER and “CEMENT FLOOR 
PAINT.” (Patented.) Finish for cement 
floors, halls, etc. It makes cement floors 
glossy, clean, dustless, waterproof, oil- 
proof and grease-proof. 


TOCH BROTHERS 


Established 1848 


Makers of Technical Paints for Cement, Iron, 
Wood and Brick. 


dt, Cuener of Gommnenen 320 Fifth Ave., New York City 
CHICAGO, ILLLINOIS WORKS: Long Island City 
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‘*Edison’s’’ 5 Strong Points 





Color Sand 
Fineness ' 
Uniformity a 
Soundness Capacity 








| atta 


There is no Cement on the market with more points 
in its favor than 


EDISON PORTLAND CEMENT 


Do not write for ‘‘ Laboratory Sample,’’ but take 








it from Edison Cement going into work anywhere, 
or from the dealer’s yard. The result is the same— 


Absolute Uniformity 


Every barrel of Edison Cement is guaranteed to 
pass standard specifications, and beat ‘‘ Standard’ 
by 10%. 85% thru 200. 98% thru 100, 


THE EDISON PORTLAND CEMENT COMPANY 


SALES OFFICES : 
NEW YORK: St. James Bldg. BOSTON : Post Office Square Bldg. 
PHILADELPHIA: Arcade Bldg. NEWARK, N. J.: Union Bldg. 
PITTSBURG: Machesney Bldg. SAVANNAH: National Bank Bldg. 
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When You Sit Down To Figure 


THE DOLLARS SAVED IN A CONCRETE MIXER 


It’s not the first cost that’s important, but how soon the invest- 
ment has been returned. 

There’s the up-keep, the quantity produced, the quality of mixing 
and the saving in the pay roll when pay day comes. 

Quality in a mixer pays dividends when initial cost is forgotten. 

But it costs just as much to build a mixer embodying the ideas in 
mixing of 5 or Io years ago as it does the best mixing practice now. 

It’s not what you pay, but what you buy, that counts. 

Here’s an epitome of the fulfillment of present day mixing 
you buy in the 


HOEHRING CONCRETE MIXER 





The heaviest drum on any mixer—greatest strength in the most important 
wearing part. Three independent, positive mixings in the one drum—most 
rapid mixer made. Trunnion rollers placed close to ends to give drum great 
Stability. Rollers cast with broad faces and chilled as hard as tempered steel. 
Double-gear drive close to ends, equalizing uneven strains. Charged direct 
from barrows on a level with the ground. No elevated runways of any kind 
required. on charging elevator on any mixer. Discharge chute does not 
interfere with barrows. Discharge always under perfect control. Discharges 
by simply raising inner end of chute. Equipped with steam, gasoline or 
electric power. A card will fetch the catalogue; mention this book. 


KOEHRING MACHINE Co. 
614-616 Germania Building Milwaukee, Wis., U. S. A. 
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“The Old Reliable” 
GIANT 


AS EFFECTIVE IN ART AS IN STRUCTURAL WORK 





HONORABLE MENTION ACCORDED 


GIANT PORTLAND 
CEMENT 


AT THE 
CLEVELAND CONVENTION OF THE NATIONAL ASSOCIATION OF 
CEMENT USERS FOR ARTISTIC EXHIBIT SHOWN ABOVE 


Manufactured by 


The American Cement Company 
Philadelphia 
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THE LATEST AND THE BEST 


CONCRETE BLOCK MACHINERY 








DENVER COLO. 
U.S.A. } 





OUR CATALOGUE describes it fully, and 
also tells all about the two-piece wall 
made from a wet mixture of true con- 
crete, bonded with the indestructible 
header bond and containing a continuous 
horizontal air space. This large catalogue, 
fully illustrated, free for the asking. 








The American Hydraulic Stone Co. 


Railway Exchange Building, - DENVER, COLO. 
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Concrete Arch, L. S. & M.S. R. R., at Painesville, O. Waterproofed 
throughout with Pitch and Felt. 





Pitch and Felt Waterproofing 


Engineers generally recognize that alternate layers of Coal Tar, 
Pitch and Tarred Felt are the most satisfactory materials for water- 
proofing that have ever been devised. 

Forty years of experience has proven conclusively that these materials 
are absolutely unaffected by exposure to underground dampness. Such 
waterproofing, after being used 30 to 40 years, was exhumed by the 
Pennsylvania R. R. Co. and the N. Y. C. R. R. when excavating for the 
terminal improvements in New York, and was found by the Chemists of 
these Companies to be absolutely unchanged, and identical with the 
material being furnished by us at the present time, and our Pitch and 
Felt is being almost exclusively used on this important work. 

When used with concrete, Pitch is absolutely unaffected by the con- 
tact, whereas practically every other bituminous material is affected and 
gradually loses its efficiency. 

Pitch and Felt waterproofing also has enough elasticity so it will 
adjust itself to the slight settling and checking of concrete—a very 
essential feature. 

For waterproofing work where the very best results are desired, we 
recommend the use of our Barrett Specification brands of Pitch and Felt. 
They are being used by the foremost engineers everywhere. 

The illustration above is that of the reinforced concrete bridge of the 
L. S. & M.S. R. R., at Painesville, Ohio. This is said to be the largest 
railroad concrete bridge in the country, and it is waterproofed throughout 
with our Specification brands mentioned above. 


We should be glad to send further information to any one in- 
terested, on request. 


BARRETT MANUFACTURING COMPANY ee 


New York Philadelphia Chicago Boston Cleveland Pittsburg Cincinnati 
Kansas City Minneapolis New Orleans St. Louis London, Eng. 
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United Kansas Portland 
Cement Company 





SUNFLOWER 
INDIAN 


BRANDS 
Mills at lola, Independence and Neo- 
desha, Kansas 
CAPACITY 8,500 BARRELS PER DAY 


The United Kansas Portland Cement 
Company is the Largest Producer 
of Standard Portland Cement 
in the West 


UNITED KANSAS PORTLAND CEMENT COMPANY 


SALES AND TRAFFIC DEPARTMENT 


811 COMMERCE BUILDING, KANSAS CITY, MO. 
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To Test the Thoroughness of Mixing 


DONE by a Chicago Improved Cube Mixer and a 
mixer with inside disintegrators, the following test was devised 
and carried out by a well-known engineer :— 

(1) A batch of 2 cubic feet of sand, 4 cubic foot of cement, 
and 325 cubic inches of water was turn:d 16 times in a Chicago 
Improved Cube Mixer. Then 4 pounds of red oxide of iron were 
added and the batch turned 16 times more. The mortar was molded 
into a block and steam cured. The block was broken, 
and was found to be evenly colored throughout 
and on the surface. 

(2) A batch exactly like the first was mixed in a mixer 
with inside disintegra- 
tors, and a block was 
molded, cured and brok- 
en. The coloring 
was found to be 
uneven, laminated 
and spotted. 

The only way to mix 
perfectly a pasty mass 
like concrete is by incor- 
poration under pressure 
by kneading. This is 
the cube principle of 
mixing. The cube has 
no inside shelves or pad- 
dles to wear and break, 
to pocket the mortar, to choke the inlet, to make cleaning difficult. 





The cube principle of mixing produces the most perfect 
concrete that can be mixed 


The Chicago Improved Cube Mixer 


gives the cube principle in all its perfection plus high output 
and low cost as a working mechanism 


Write for Catalogue No. 59. 


Municipal Engineering and Contracting Co. 


MAIN OFFICE: 
RAILWAY EXCHANGE, CHICAGO, ILL. 


New York Agents, Motley, Green & Co. 
New England Agents, Dyar Supply Co., Boston 
Paciric Coast AGeNcles :—Lansing Wheelbarrow Co., San Francisco 
F. T. Crowe & Co., Seattle, Spokane, Tacoma, Portland 
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THE 


LEHIGH BRAND 


PORTL Ory 
— aoe “LEHIGH 





UNIFORM IN COLOR AND SETTING QUALITY AND 
HIGH TENSILE STRENGTH 


CAPACITY - 8,000,000 BBLS. YEARLY 


MANUFACTURED BY 


LEHIGH PORTLAND CEMENT CO, 


OFFICES 
YOUNG BUILDING, - - ALLENTOWN, PA. 
ROCKEFELLER BUILDING, - CLEVELAND, OHIO 
TRACTION TERMINAL BLOG., INDIANAPOLIS, IND. 
WORKS 
ORMROD, Nos. 1,2and3,. . . . . . \LEHIGH CO., PA. 
Wemee. GE, 4, ke te lw LEHIGH CO., PA. 
FOGELSVILLE, . .. - « « « » SERN OO. PA. 
MITCHELL, Nos. 1 and 2, er ellen Oe LAWRENCE CO., IND. 
NEW CASTLE, Nos. 1and2, . . . . LAWRENCE CO., PA, 


eee le Se we JACKSON CO., OHIO 
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WAKEFIELD BAKER 


Pacific 
Portland |“ ".. 


MORRIS KIND 


Cement dart Meine 
Company| . 


(CONSOLIDATED) 





MANUFACTURERS OF 


“GOLDEN GATE” 
PORTLAND 
CEMENT 


CAPACITY 5,500 BARRELS DAILY 


Location of Mills: Main Office: 
CEMENT, SOLANO CO. PACIFIC BUILDING 
CALIFORNIA SAN FRANCISCO, CAL. 


Branch Offices: 


PORTLAND, ORE. LOS ANGELES, CAL. 
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<= Steelcrete > 




















The Emblem of- 
Concrete Strength 


The wonderfully simple, yet perfect, principle of ‘“‘ STEEL- 
CRETE” Expanded Metal for reinforced concrete construction 
gives maximum strength by a distribution of strain that is scien- 
tifically exact. 


EXPANDED METAL 


Gives absolute and uniform reinforcement of small sections of 
frequent intervals and avoids the alternating spots of strength and 
weakness resulting from reinforcement of large sections at 
greater intervals. 

The specification and use of “STEELCRETE” Expanded 
Metal is more than a guarantee of honest exact weight, gauge, size 
and strength--its proof. “STEELCRETE” stands for the origi- 
nal and always highest quality of expanded metal; for the protec- 


tion and profit of builder and owner alike. 


Beautifully illustrated catalogue, a practical text-book of reinforced con- 
struction, sent to contractors and builders, free on application. 


The Consolidated 
Expanded Metal Companies 
26th Street and Fifth Avenue, New York, N. Y. 
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“ Quality Does Not Recognize Price as a Serious Competitor’’ 
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Above is an illustration of the Bostwick-Braun concrete warehouse, on the river front, at 
Toledo, O. Medusa Waterproof-Compound used throughout foundations 


MEDUSA WATERPROOF COMPOUND 


MAKES ALL CONCRETE IMPERVIOUS TO WATER 
IT IS NOT A WASH 


PORTLAND Medusa Brand WATERPROOF 
CEMENT 7. COMPOUND 


Enjoys reputation Will make Concrete 
impervious to water. 
The life of the 
cement building in- 
dustry depends on 
houses being made 
waterproof. 




















for Uniform Color, 
Strength and High 
Sand Carrying 
Capacity. 














Write Us Regarding Our Pure White Portland Cement 


MILLS :—Bay Bridge, 0.; Syracuse, Ind.; Dixon, Ill., 
and York, Pa. Capacity, 6,000 bbls. Daily 


Sandusky Portland Cement Co. 
GENERAL OFFICES, SANDUSKY, OHIO 
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WAINWRIGHT 
GALVANIZED STEEL 
CORNER BAR. 


For Protecting Edges of Concrete 
Curbs, Steps, Columns, Etc. 
The Only Effective 
Concrete Edge Protector 
Offered to the Contracting Public. 


WAINWRIGHT PATENTS 
March 9, 1897. November 22, 1898. 
May 5, 1903. March 26, 1907. 
August 29, 1907. 





This bar is well galvanized so it will not rust. Has a solid! head, 
guaranteeing resistance from the heaviest possible impact of wheels or 
other heavy bodies, and is held in place by a dovetailed web forming an 
anchorage extending its full length, not only anchoring but supporting the 
solid head every inch of its length. 

This bar has been in public use for more than ten years as the 
main feature of the 


WAINWRIGHT STEEL-BOUND 
CONCRETE CURB 


THE BEST IN THE WORLD 


OVER TWO MILLION FEET IN USE IN MORE THAN ONE HUNDRED 
AND FIFTY CITIES IN THE UNITED STATES 


The dovetailed web anchors the 
bar at all points, resulting in great 
superiority over a corner protector 
anchored by bolts, wires or rods at 
intervals, allowing buckling or ex- 
pansion causing ultimate loosening 


of the metal from the concrete. 


Metal Parts for Sale 





Why, st Correspondence invited, 
STEEL PROTECTED CONCRETE CoO. 
REAL ESTATE TRUST BUILDING PHILADELPHIA, PA, 
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GERMAN - AMERICAN 
PORTLAND CEMENT WORKS 





M-AME 
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PORTLAND 





“Uses of Portland Cement.” 
“A Cement City.” 


“A Test of Large Reinforced Concrete Beans for 
the Illinois Ceritral Railroad.” 








| Above pamphlets mailed free upon request. 


~. 











E. L. COX, 
Gen'l Sales Agent, 
Works : Marquette Bldg., 
LA SALLE, ILL. CHICAGO, ILL. 
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ERGER'S . SIDEWALK 


LIGHTS 
Write 
for 
Cata- 
log 
No. 










| 
(View UNDER SIDEWALK, BUILDING OF VINCENT Scott & Co., PrrTsnura, Pa 
Note how perfectly colors and patterns can be discerned. ) 
| Strong Efficient Easily Installed Economical No Centering Required 


THE BERGER MANUFACTURING CO., CANTON, OHIO 


New York Philadelphia Chicago St. Louis Minneapolis San Francisco Atlanta 














Six Years of Success RickKetson’s 


| Le ees Miner “/ 
imestone Bran 
Portland Cement \ Calon 


Used by the U. S. Govern- Have long earned, by their 
| at | Sey Cie Ser great strength, brilliance and 
Used by the railroads in Ken- perfect mixing qualities, the 


tucky, Ohio, West Virginia and premiére place as a coloring 
Virginia during the past five 


ne as finely ground as any For Cement 


on the market. 


Guaranteed to pass all the All tints red, brown, buff, 
standard specifications — ea 

Plant located at Ironton, O., purple and black—are clean 
within easy access to seven States, and pure. ['wenty vears ex pos- 
namely, Ohio,|ndiana, Kentucky, eth : 
West Virginia, Virginia, Tennes ure to weather has proved their 
see and North Carolina oe : AS They 

Shipments via the N. & W. Ry.., absolute permanence, hey 
C. & O. Ry > H. & D Ry., D. never crack, never run, and 


T. & I. Ry., or Ohio River. 


They Never Fade 


Write for Prices 


THE IRONTON PORTLAND : : 
CEMENT CO. RickKetson Mineral 


IRONTON, - - OHIO Paint Works, milwaukee 
Pe RE 
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The 
HIGHEST QUALITY 
PORTLAND CEMENT 


‘CHICAGO AA’ 


1,000,000 Barrels Annually 














rN 
CHICAGO JE 


PORTLAND 
CEMENT 





Factory at Oglesby, near La Salle, Illinois 


On C.M. & St. P. R.R. GS &6.&@F 2. 
C. B. and Q.R. R. By Switch. 
A, Si. Bs Oe 


We Make One Brand Only—tThe Best That Can Be Made 


(Instructive Booklets free on request) 


MANUFACTURED BY 


CHICAGO PORTLAND CEMENT CO. 


108 LA SALLE STREET, - - CHICAGO, ILLINOIS 








XXix 

















ALL THAT THE NAME IMPLIES 


SECURITY 


PORTLAND CEMENT 


QSTLAND CEM Particularly adapted for concrete 
a” block and decorative work, by 
reason of its high silica content 
and light color. 





MARYLAND 
ANVWdWO9 1 


Approved by U. S. Government, 
District of Columbia, and the 


PORTLAND 


. CEMENT hey 
ecurity, 0 City Department of Baltimore. 














MARYLAND PORTLAND CEMENT CO. 
Main Offices, 8th Floor Equitable Bldg. WORKS : SECURITY, MD. 


BALTIMORE, MD. (Near Hagerstown ) 








ALL coon POINTS or ALL otner CEMENTS 


ARE FOUND IN 


“YANKTON” 


PORTLAND CEMENT 
Western Portland Cement Co., Yankton, S. D. 











Use SUPERIOR PORTLAND CEMENT 


in your concrete work, and be assured of sat- 
“LAND cf isfactory results. 
@ “> 


S 1, Ask for a chemical analysis of Superior 
PORTLAND Cement, and we will show you something 
’ which will interest every cement user. 


The Superior Portland Cement Co. 


General Offices & Sales Dept., Cincinnati, O. 


Works: Superior, Lawrence Co., Ohio. Detroit, Toledo & Ironton 
Railway, within switching district of C. & O. and N. & W. Railways. 
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ROBERT W. HUNT JNO. J. CONE JAS. C. HALLSTED D. W. McNAUGHER 


ROBERT W. HUNT & COMPANY 


ENGINEERS 
BUREAU OF INSPECTION, TESTS AND CONSULTATION 


go West Street, New York 1121 The Rookery, Chicago 

Monongahela Bank Bldg., Pittsburg Canadian Express Bldg., Montreal 

425 Washington St.,San Francisco 1445 Syndicate Trust Bldg., St. Louis 
3t Norfolk House, London, E. C., England 


Tests and Inspection of Cement, Reinforcing Steel, and all Cement 
Materials and Products. 

The Supervision of Construction and Tests of Concrete Structures. 

Reports on Cement Properties and Existing Concrete Structures. 

Design of Cement Plants and Inspection of Cement Machinery. 


CHEMICAL LABORATORIES PHYSICAL LABORATORIES 
Analysis of Cement, Steel, Tensile, Compression and Transverse 
Water, Etc., Etc. Tests of All Materials. 





CATSKILL PORTLAND CEMENT 


Catskill Cement Company 


CEMENTON - - NEW YORK 











Newaygo 
Portland 
Cement Co. 


7 MLM ® ; 
SELEY Saks ice: ware tet ou 


1,800 BARRELS ROCK CEMENT DAILY 


WORKS AT NEWAYGO, MICH. 
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PEERLESS 
Portland Cement Co. 


Mancfacturers of the 


Highest Grade Port- 








land Cement only 





UNION CITY - = MICHIGAN 

















Used by United States Govern- 
ment, Leading Railroads and 
Many Large Cities. 





Management of Twenty Years’ 
Experience 


Commonwealth Building, Allentown, Pa. 

















CHAS. R. MILLER CO. 


INCORPORATED 
GRANOLITHIC PAVEMENTS AND ALL KINDS OF 
CONCRETE CONSTRUCTION 


Office, 8 North Front Street MEMPHIS, TENN. 
Yards, So. R. R. and Walnut St. Correspondence Solicited 
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Rooms of Concrete Association of America 
225 Fifth Avenue, New York City 


The Whitehall Exhibit 





The reproduction in Portland Cement of Old 
Roman Vases and Garden Furniture, if of 
any value, must be lasting without cracks, 


checks or distortion. The complete burning 





of our raw rock produces stability of product. 








The Whitehall Portland Cement Co. 
1718 Land Title Building Philadelphia, Pa. 
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“New Ideas in Cement Houses’’ 


A new book of Designs for Artistic Homes. 144 
pages, with 160 illustrations, of which 100 comprise 
exterior and floor plans with full description. Price, $1. 


SPECIAL OFFER 


This big book is offered Free with a year’s subscrip- 
tion to THE JOURNAL OF MODERN CONSTRUC- 
| TION, the most wide-awake monthly magazine devoted 
to cement interests in modern building and residence 
work in particular, $2.00 a year. 


M. L. KEITH, Pub., Minneapolis, Minn. 











National Association of 
Cement Users 


bd 


Is Your File of Proceedings 
Complete ? 











Volumes can be secured at the following prices : 


Members. Non-Members. 


RE ES ee ere . $1.00 $2.00 
1906-7-8-9, Vols. II, III, IV, V, 


each, 2.00 3.00 
Cloth or Half-Morocco binding, 50 cents or $1.00, respectively, 
per volume additional. 





Order Now—Some editions nearly exhausted 
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Peninsular Portland Cement Co. 


COWHAN SYSTEM 
Manufacturers of 


HIGH GRADE 
PORTLAND CEMENT 


QUALITY will be remembered 
When PRICE is forgotten 


JACHSON, MICHIGAN 


Eureka Concrete Mixers 








Eureka Mixers are unequalled for all kinds of concrete work. 


Moved about like a wagon. Of good capacity, and practically 
indestructible. All steel and iron construction. For great earn- 
ing power, buy the Eureka. 


EUREKA MACHINE CoO. 
100 Michigan Avenue Lansing, Michigan 


Nazareth Portland Cement 


Scores Four High Points 


UNIFORM ANALYSIS UNIFORM FINE GRINDING 
UNIFORM HIGH TENSILETEST UNIFORM COLOR 


CHARLES WARNER COMPANY 


General Sales Agent 
WILMINGTON, DEL. 


Land Title Building 1 Madison Ave. 161 Devonshire St. 
PHILADELPHIA NEW YORK BOSTON 
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THE U.S. STANDARD CONCRETE MIXER 


CCURATE (°ONVENIENT De 
oO EP 


ABLE AND 
UTOMATIC ONTINUOUS ENDA 


L 
DABLE 


By far the best Mixer made for the medium size operator, using 
6 to 9 cubic yards concrete per hour. For Bridges, Abutments, Cul- 
verts, Retaining Walls, Basements, Foundations, Sidewalks, Block 
Factories, etc., it has no equal. Either two or three hoppers. 
Mechanical principles essentially new and patented. 


The U.S, Standard Cement Block Machine 


Remodeled and 
equipped with the 
finest and most 
complete line of 
face plates. 
Builds the best 
block, the great- 
est variety of 
blocks, and great- 
est number of 
blocks per day of 
any machine 
made, 

Write to 


THE ASHLAND STEEL 
RANGE & MFG. CO. The Machine 


ASHLAND, OHIO $ 
for catalogs and circulars of Merit 
Export Office 
B21 Produce Exchange, New York 
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Huron Cement has been used | 





with satisfactory results in all 





the large Cities in Michigan, 





Wisconsin, Minnesota and Ohio. 
































Offices 


1525 FORD BUILDING, DETROIT, MICH. 
Mills: Alpena, Mich. 


CAPACITY, 4,000 BARRELS PER DAY 
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THE JOHN C. WINSTON CO. 








PRINTERS 
PUBLISHERS 





wt 
COMMERCIAL PRINTING 
OF THE VERY HIGHEST 
POSSIBLE ORDER 


wt 


GENERAL MANUFACTURERS | 

HIGH-CLASS BOOK AND | 
MAGAZINE 

PUBLICATIONS 





. | 


SCIENTIFIC PUBLICATIONS 
CONVENTION PROCEEDINGS AND 
MONOGRAPHS 











WINSTON BUILDING 
1006-08-10-12-14-16 ARCH ST., PHILADELPHIA, PA. 
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UNION SAND & MATERIAL CO. 


ST. LOUIS KANSAS CITY MEMPHIS, TENN. 
Liggett Building Long Building Tennessee Trust Bldg. 





Manufacturers of 


PRE_LD FRIINGS 


Brand of 


Portland Cement 
at 
St. Louis, Mo. 
and the 


Brand of Portland Cement 
at 


Kansas City, Mo. 


HIGHEST GRADE OF PURE PORTLAND CEMENT 
LIGHT IN COLOR 
HIGH IN TENSILE STRENGTH 


ESPECIALLY RECOMMENDED FOR BLOCK 
AND SIDEWALK CONSTRUCTION 





ADDRESS 


UNION SAND & MATERIAL CO. 


LIGGETT BUILDING ST. LOUIS, MO. 
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BECOME A MEMBER 


OF THE 


National Association 
of Cement Users 


THESE PROCEEDINGS 
ARE FREE TO MEMBERS 











Additional copies of Proceedings can be purchased as follows : 


Members Non-Members 
ES SS eee $1.00 $1.00 
1906 (408 pp.).......... 2.00 3.00 
1907 (384 pp.)........-- 2.00 3.00 
1908 (458 pp.).......... 2.00 3.00 
1909 (698 pp.)....-.-... 2.00 3.00 





For further information address 


NATIONAL ASSOCIATION OF 
CEMENT USERS 


HARRISON BUILDING 
PHILADELPHIA, PENNA. 
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HOWARD CHAPMAN, Architect. 


WAREHOUSE AND POWERHOUSE FOR THE GREAT ATLANTIC AND PACIFIC 
Tea Co., Jersey City, N. J. 


SPEED, ECONOMY 
and SATISFACTION 


are obtainable with reinforced concrete when such a techni- 
cally trained and experienced organization as ours is employed. 
The building shown above was erected at the rate of a 
story each week, and represents the highest development 
in design and construction methods with reinforced concrete. 


TURNER CONSTRUCTION CO. 


CONSULTING ENGINEERS AND CONTRACTORS 


11 Broadway — a! New tor Cae 
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High Grade High Range 


and 
Mechanical Perfection 


Have placed the 


FACE DOWN 


IDEAL 


INTERCHANGEABLE 


Concrete Block Machine 


In a Class by Itself 


And there are more “‘ Ideal’? Machines in use in the United 
States, Canada and European Countries than all other 
makes combined—ask any Ideal customer the 
reason. Catalog, Price Book and 
Illustrations sent upon 
request 


Ideal Concrete Machinery Co. 


E. Madison St., South Bend, Ind. 















































